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SUMMARY REPORT

The Second Conference on Standards
for the Interoperability of Defense Simulations

January 15-17, 1990 Orlando, FL

‘JQIEEBQBQQEIQH
This report presents a summary of the activities of the Second
Conference on Standards for the Interoperability of Defense
Simulations sponsored by the Defense Advanced Research Projects
Agency (DARPA) and the Program Manager for Training Devices (PM
TRADE). , The workshop was hosted by the Institute for Simulation
an@ﬂg;aining / University of Central Florida (IST/UCF) on 15-17

_Jantary 1990, in Kissimmee, Florida. ’

" This is the second workshop concerning the development of
technical standards for networking defense simulations. These
standards are intended to meet the needs of large scale simulated
engagements systems which are being used increasingly to support
system acguisition, test and evaluation, tactical warfare

. Ssimulation and training in DoD. The primary ‘goals of this
workshop were to provide a forum and discuss issues prior to the
development of a Protocol Data Unit level standard, to capture
networking requirements and needs, and to exchange ideas and keep
interested parties ipnformed-on.-networking_technology issues. 3

The three day workshop focused on two major topic areas:
Communication Protocols apd Terrain Databases.c The Communication
Protocols was headed up by Dr. Ron Hofer, Chié?%xgngineering, PM
TRADE. This group was mainly concerned with what ‘goes over the
wire. The following subgroups dealt with those issues:

* Interface

* Time/Mission Critical
* Security .

* TLong Haul/Wide Band

* Non visual

The Terrain Databases Working Group was headed up by George
Lukes, Director of the Center for Autonomous Technologies, U. S.
Army Engineer Topographic Laboratory. This group was mainly
concerned with how the terrain data is interpreted. The
following subgroups dealt with those issues:

Correlation

Dynamic Terrain
Unmanned Forces

Interim Terrain Database

* % % X




In response to comments made at this workshop, a new subgroup is
being formed to address Human Performance Measures. This
subgroup will address requirements for recording and assessing
student performance in the simulators on the network. As part of
this effort, issues concerning instructor interfaces fox
controlling exercises and evaluating student perfcrmance will. be
addressad. User inputs about needed capability for networked
simulators will be solicited. Mr. Bruce McDonald, Institute for
Simulation and Training, will chair this subgroup, and any
comments and suggestions should be directed to him.

This report has been separated into three volumes. Volume I
contains summaries of all presenters' speeches:. Volume II
contains an attendees list, a copy of the view graphs used during
presentations, and a copy of all documents that were submitted at
the conference for the attendee information. Volume III contains
a copy of all position papers received by IST/UCF by 15 February,
1990. :
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INTEROPERABILITY EXPERIENCE

1. ORGANIZATIONS INVOLVED

2. GOALS

3. NETWORKING CONFIGURATION/DESCRIPTION

4. CONFIGURATION OF EACH NODE
(e.g. update rate, synchronous transmission, B/W
configuration, Visual/Sensor Simulation, Terrain 1
Database Source, etc. !

5. PERFORMANCE PARAMETERS MEASURED
(To include Method and Scope of Measurement),

6. QUALITATIVE RESULTS
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MR. JAMES O'BRYON

DIRECTOR
LIVE FIRE TESTING
DEFENSE RESEARCH & ENGINEERING
OFFICE OF THE SECRETARY OF DEFENSE

SIMULATION IN WEAPONS DESIGN: A NEED FOR
DEFENSE-WIDE SIMULATION STANDARDS
SECOND WORKSHOP ON STANDARDS
FOR
INTEROPERABILITY OF DEFENSE SIMULATIONS

KEYNOTE SPEAKER
HYATT CONFERENCE CENTER
ORLANDO, FLORIDA
16 JANUARY 1990
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DARPA SIMULATION PROGRAM STATUS

OUTLINE

SIMNET TRANSITION

« SITE SCHEDULE (Chart)
« ECP/ECO MODS
« SAF 3.X :
« VERSION 6.0 S/W
AIRNET

- RUCKER, 31 JAN 90"
. 8 GENERIC HELO & 2 CAS

SIMNET-D

« FAADS (Chart)
« BFIT (Chart)
« ACMENET (Chart)
« CVCC (Chart)

CONTRACTS

« CLS-PM TRADE
« CCTT-PM TRADE
« ADST-DARPA/PM TRADE
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APPENDIX C

View Graphs and Documents for the
Network Communications
Working Group Breakout Sessions
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Long Haul Sub-Group

NINE ISSUES FOR FURTHER DISCUSSION

Security

Definition of present protocol and mapping to
ISO profile.

Time stamping and latency

Recommend ISO profile for SIMNET spec.,
evolution to FDDI/ISDN/etc.

Additional service requirements driven by
joint service doctrinal guidance

NIST, ITS/NTIA, university contributions to
the evolution

Consideration of NATO
C & I testing, and V &V of simulators
Use of other network assets

Database to house information and CM

C-17




Martin Masarietta

INTRODUCTION

Real Net was developed in the ALV program to provide resl-time sutonomous vehicle
control, sensor data processing, and ariificial intelligence prograras with a high bandwidtk,
low latency inter-process communications capability based on & message passing paredigm.

The ALV utilizes a real-time distributed processing architecture featuring Symbolics,
WARP, SUN, VICOM and Intel processors. Blending this mixture of heterogeneous
processors into a real-time vehicle control system presents & unique set of
networking/communications requirements including:

®e & ¢ © @ & o o O >

Fixed Time, Low Latency Data Transfer

High Bandwidth

Heterogensous Processor Integration

Local and Distributed Processors and Processes

Flexible Process Allocation and Migration

Low Cost Inte n of New Machines

Point to Point & Selective Broadcast of Messages

Simple Multi-Lingual Application Interface (ISP, PASCAL,'C', PL.M-86)
Commercial-Protocol Compatibilir{

Flexible Transmission Media Alematives (Twin Axial Cable, Fiber Optic
Cable, T1, 56 KBPS serial, Bthernet, etc.)

These requirements are equally germane for a variety of applications including computer
vision, robotics, real-time simulation, etc, Real Net is currently being used on both the
DARPA/NMMC ALYV program and the DARPA/MMC SMART Weapnns program.

Martin Marletta
C-19




ABSTRACT

Martin Marletta

Real Net

George P, Celvi and Thomas J, Mowbray
Martin Marietta
" (303)977-0830

Real Net provides the software tools necessary to construct a distributed processing
environment which acts as a single "Virtual Machine" for & real-time system, The {irst
implementation of Real Net is operational aboard the Autonomous Land Vehicle and within

its Laboratory.,

Real Net exuploys an 80 megabit/sec token ring-locel area network as the

foundation for integrating Vicom Digital Image Piocessors, SUN-3/X80 workstations,
Intel 80X86 processors, aid Symbolics Lisp Machines into a single asynchronous real-

time network,

Real Net enables application processes, currently C/UNIX, PLM-86/IRMX, Lisp, and
Pascal/Versados to exchange memory objects with other application processes located
anywhere on the distributed local ring network, or on any ?atcway accessible netwark.
Memory to memory transfers are implemented across the LA to implement three address

methodologics:

»

Point to Point (process A to process B)
Group (process A to processes B, C, D, X. Z, etc.)
Broadcast (process A to every other process)

Communications processes may reside within the same processor (intra-process
communications) or on any network accessible host processor (inter-processor
communications). A single object exchange request-may be targeied for any collection of
distributed processes which reside on the originator's host, or on any sollection of network
accessible hosts. The-routing of data and delivery occur in a transparent manner with
respect to the sending process.

Internet Protocol (IP) datagram services are provided o allow network 1o network data
routing and internet addressing, This facility provides for fragmeniatiss zad rsassembly of
data strerws to/from data packets. Adherence to IP packe: §i.:soat, addressing, and
protocol ensurcs compatbility with commerclal gateways and communications devices. -

C-20
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Martin Marieits

DETAILED DESCRIPTION

Real Net is a set of communications software -.f v+ ,ped for a variety of processing
architectures, It is intended to implement a "Virtial 227, nine" processing erchitecture using
a collection of non-homogeneous process. =3, fi~<i M: 'y "¥irrual Machine” configuration
is file driven and is established at LAN (Local 4xia byt < ant-up. Once establishad it may
be selectively modified Real-Time (milliseconds). .

A complete software specification including module r.arrrzives, data dictionary, and module
pseudo code and logic chasts are available through . Autonomous Land Vehicle (ALY)
project. This description is a summarized extract fe v 1., documentation,

VIRTUAL MACHINE CONCEPT

Under the "Virtual Machine" concept, a real-zime run cycle may be construed as a muld.
player game. The players of the game are software-processes or tasks, which may reside
anywhere on the pleying field. The playing field is an abstraction, which may be construed
&5 the totel collection of host processors. All players may be exscuting on the same
processor, or be distributed across a coliection of processers located g the same network
or on adjacent networks inter-connected by IP gateway devices, The pleying field is
veriable in nature and may be redefined at any time. An initial "game"” configuration is
established at start-up but may be modified real-time o add/delete players, or expand/shrink
the field of play by re-allocating players to different procvessors.

As with any garae, certain rules govern the interaction of players on the field of play.
These rules exist under the "Virtual M:chine" concept, and are manifested in the definition
of interfaces between players (process:s). The interfaces between processes are delineated
in terms of data items (item ID#, type, source player, destination players) stored in an
Interface Control Document (ICD) tile. This file defines the data objects which may
originate or terminate at any process, Processes am.mafpcd onto physical hardware units
within the "Virtual Machine" via & Player Host File (player and IP/hardware sddresses).
When processes wish to exchange data items across networks, packets are automatically
routed through IP gateway devices across network boundaries, Paths inter-connecting
networks are stored in the Gatewsy Routing Table (IP to IP address routes).

Under the rules of play, any process may ori{;inatc a date item for transfer with no

knowledge of the actual destination. Real Net will automatically route the dats to the proper

destination(s) whether within the same machine, on the same network, or across networks

in response to a single application transfer request. Data will automatically be formatied for

receipt at the target nede(s), (resolving byte swap/word swap contingencies) with non-

frj:dundant delivery to one or more processes at each node, as defined in the configuration
iles.

This provides a robust framework for integreting processes into a real-time "Vistual
Machine" environment, Wasch dog timers, network management, data recording, and
other real-time functions may be added or deleted as necessary by expanding the game to
include new processes, Since the "Virtual Machine" may be expanded or contracted in real-
time, redundant/exception processes may exist in & dormant state and become active as

Martin Marletta
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needed in respoise to conditions detected by watch dog mers, network management, or
dat recording functions.

“he actaal transfer of objects betwesn procerses rz}_ppc&rs as continuous DMA operations
across the LAN, with a consistent process interface methodology implementsd in the
applications' language, end resident within the host processor's operating systein
framework (non-cperating system implementations sre also suppored),

MEMORY RE“QURCES
Real Net uses a shared memory pool for cxclianging data to/from applicatior. processes,
and for buffering input/cutput LAN traffic, The resource pool is used for #.jocation of

gzoragc for several critical data structures, These structures and their funcuons are as
ollows: .

» Input Transaction Assignment Queue — records arrival of data from LAN and
coordinates delivery to target players.

* Qutput Transaction Aseignment Queue - records requests for transfer of daia
items and coordinaves-pricritized IP dategrem service. Contains pointer 10 copy
of data item awaiting:-transfer.

* Routing Table -- stores required IP and hardware addresses for each itern output
by the fdividual node (synthesis of ICD, Player/Host and Gateway Files).

. Ingut Network Status Log -- conwains counsers which keep track of in®ound
traffic and item deliveries (displayed at end of run).

» Quiput Network Status Log -- contains counters which record outbound LAN
treftic and packet refusals/failure (displayed at 2nd of run).

¢ Input/Output Buffers — storage areas for data iterns awaiting delivery to playess.

» Pointar Eeference Table -- points to Resl Net date structures (for reference by
multi: Je goftware layers),

SUPPORTED DATA CLASSES
Two classes of data items are supported under Real Net:

» Refresh data iterss
*  Multiple occumence daia items

Refresh data items are overwritten whenever a packet arrives from the LAN containing date
for that item ID#. Buffering and hendshaking prevents inadvertent overwriting of a refresh
date item input buffer, while dats is-being delivered to a target pleyer. On output, any
pending ansfer for a refresh data item is overwritten by a-new transfer request. The new
data (for the OId item) retains it place in the prioritized Qutput Network Assignment

Martin Mariettsa
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Queue. The ourput item overwritten is recorded in the Output Network Status-Log for
display upon completion of the real-time run cycle. The number of output buffers allocated
for a refresh item is two, The number of input buffers allocated for a refresh data item is
the number of target processes within the local host (for the item) plus one.

Multiple occurrence dats items are slliocated a sc° of revolving buffers. The number of
buffers is determined by the configuration maneger znd stored in the ICD file, Multiple
occurrence data item input buffers are recycled following delivery of the isem to all target
processes within the local host, If all input buffers are full when a new packet containing
the data item arrives then the oldest non-busy buffer is recycled, and the over-write
recordsd in the Input Network S:atus Log.

On output attempts, successive entries are made in the Qutput Transaction Assignment
Queus for multiple occurrence data items. However, when all available output buffers ere
full, failure stazus will be returned to the app'.cation process, and the failure is recorded in
the Output Network Status Log for subsequeat dispi .

Any data type may be defined within & data clsss. Examples of valid data jtems include:

QSCH date

yies

Words

Long words

Reals

Arrays

Records

Complex data siructures

v O &6 & ¥ e & o

No size limitatlon is imposed on date items, A special class of data type, Files, are
implemented using file buffers to preven: memory overflows. All other data objects for
wunsfer must be sized so as to fit in available memory.

SOFTWARE
Real Net provides a consistent application interface for inter-processor (across the LAN)
and inzer-process (focal host) communications. The software architecture is comprised of
three real-Umne layers:
» Application Interface (IF)
v Data Transport Executive
LANIF

A fourth mejor software component, which is not directly involved in the real-time transfer
of data, is initialization, Real Net's processing architecture and a functional summary of
the r.cjor software components re summarized in Figure 1.

Martin Marietta
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INITIALIZATION
The initialization software provides three functional capabilities:
+ Configuration Manager
e LAN Start-up -
. iS{lun-t)ime Inizielization {functioning as Initialization Master of Initialization
ave
Four disk files control the configuration of the "Virtua! Machine" for a real-time run:
« Interface Control Document File -- defines, for each data item,

— item specifics such es size, item priority, etc,
—~ Player (process) sending item

» Player/Hos: File «- defines which machine, (via IP address) in the network each
player resides

» Gateway File -- defines all gateway addresses and routing information allowing
any network ring to access any other ring.

o Destination Player File -- defines Player(s) receiving each datz item,

These files are maintained by an operator using the Configuration Manager Software on &
SUN-3 workstation, (see Figures 2 and 3). The operator then Joads one each of these files
into a shared memory region using the LAN Start-up software (start up mode). The Run-
time Initialization sends to all other nodes in the network, node-specific subsets of the four
configuration files.

The Run-time Initialization software (slave modé) following reception of the node-specific
subset configuration file performs the following:

s  builds the local rcuting table
o allocates storage for and initielizes locally required input/output buffers

» allocates storage for and initializes the input/output transaction assignment
queuss

. allocat)es storage for and initializes the network traffic status logs (input and
output

* sets up pointer reference table pointers for use by Application IF and Data
Transport Executive software in accessing all buffers and queues

Martin Marletta
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» Verifies communications with terget nodes in routing table via Comm Check
MCSSaEgEs

» Sets the node Real Net mode to real time run mode

The Initalization software (functioning as initialization master) after broadcasting the
configuration file subsets to all initialization slaves, also performs the above steps.
Successful master/slave initialization is verified through the exchange of a test pattern
packet, using the Application Interface Send and Receive calls,

When the network is to be re-configured, (Run-time initialization mode) the operator
simply loads a new set of configuration files using the LAN Start-up software. The new
configuration is compared to the current configuration and all affected nodes are sent an
initialization request. The interrupt handlers on the affected nodes (run-time) chenge the
mode back to Run-Tim¢ initiglization and invoke the Run-time Initialization software,
(functioning again as initialization sleves). Applications attempting data
transmission/reception on the affected nodes receive wait status until re-initialization is
complete, Upon reception of the new mode-specific configuration files at the attached
nodes new data structures are created input/output buffers are flusked, and initalization
processing is verified. The mode is then reset to run mode,

APPLICATION IF

Real Net provides three function calls (eccessed as library routines, etc.) which are . .

implemented in C, Pascal, PLM-86, and Lisp. These function calls are:
+ Send (data pointer, item#, status pointer, byte count)
¢ Rective (data pointer, item#, byte count, player identifier, status pointer)
+  Stzwus (entry#, item#, query type, input/output, player identifier)

SEND

Send enables an application to request transfer of & data item to another process or grou% of
processes. The destination is not known to the sending process. Parameters furnished
with the send call define the transfer request to be implemented. The send call verifies the
destination host address of the target process(Es) from the routing table. If any target
process is resident within the sender's local machine, then Send calls Inter-Memory
Transfer to copy the data into an appropriate shered memory input buffer for delivery to the

target process(Es).

If any target process is jocated on an external host machine, then the transfer request is
recorded 1n the Output Transaction Assignment Queue for implementation by the Data
Transpor: Executive, The configuratior. files contain priority indicators for both item
priority and player priority. A cumulative priority is assigned to each-pending ransaction
in the output Transaction Assignment Queue, This cumulative priority determines the
relative sequence of transfer assignments which the Data Transport Executive will enforce.

Martin Marielta
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A send cell returrs the Output Transaction Assignment Queue entry number whan
successful. Whan unsuccessfu! e negative number is returned indicating the nature of the
feilure: (i.e., iteza noi found in routing table, output buffers ell full, etc.)

RECEIVE

A Receive call forces delivery of en input buffer item to a requesting process, when the
item in question has not been previously deliversd to the requesting player. Delivery masks
are used to orchestrate non-redundant delivery of data to individual players. Mask values
for each receiving player are computed at Run Time Initialization. Upon transfer of a data
item and storage in en input buffer for delivery to target players, the delivery mask is
copied into the Input Transaction Assignment Queue record, pointing at the input buffer.
Upon request for the item by e pleyer, the Input Transaction Assignment Queue recezd
jelivery mask is compsred with the player's delivery mask. If the item has not been

previously delivered to the requesting pleyer, then the data is delivered and the Input

Transaction Assignmen: Queue record's delivery mask s decremented by the piayer's
mask. This prevents redundant delivery of data to the same player.

When no det2 is pendinz delivery for a plaver end item ID#, combinetion, & feilure status is
reterned. Oirerwise, suocessiui status 1s retrurned and the byte count field is set to the size
of the data ohjes: in byies, and a local copy of the deta buffer is provided to the requesting
pleyes.

enno detz is pending delivery for a player and item ID# combinatios, a failure status is
returned. Otherwise, successful status is retusned and the byte count field is set to the size
of the data object in bytes, and & local copy of the data buffer is provided to the requesiing
player.

STATUS

The application process may request stetus on pending item deliverics, or on requested
transfer requests. Status requests arc made for either input or output queue status s
distirzi calls.

When input status is requested for &n item number, the call will return as the status value:

the number of input buffers pending delivery for the player/item ID #, combination. Zero
is returned whea no items ere pending delivery. The gpplication may subsequently request
receipt of data items until the indicated amount of deliveries have been made.

Output status may be requested in two ways: by item ID# or by entry number (as returned
in the send call), If output status is requesied by item ID# the n the status field is set to the
numbcr of transactions in the Qutpu: Transaction Assignment Queuc (priority sequenced)
and implement all pending transfer requests. When implemented as & server process, the
DTE continuously scans the Output Trensaction Assignment Queue and processes transier
requests as they are recorded by other processes. The DTE server checks for higher
priority transfer requests after every packet is originatcd. Higher priority packet requests
arz therefore interleaved with lower priority transier requests, Within a priority level (0-2
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for items, 0-2 for pleyers, cemulative 0-4) transfer requests are processed on a FIFQ
bases. The DTE softwere is impicmented on & separate SBC for Intel Muliihus
applications, similar implementations could be made available for other shared bus
implementations (VME, YERSABUS, etc.).

The DTE provides the following processing functions for each requested output
transaction:

* Prioritized servicing of tressfer requests from muliiple processes

 Protocol enfercement for Pronet, IP, and application protocols including: check
surn generation, packet structure definition and header constuction

+ Control of gather DMA operations to assemble output packets in the LAN
hardware IF board set transmit buffer .

» Conrrol of packet transfer via LAN IF library calls

« Display of network status log date (input end output) &t the completion of a reel-
time run cycle

Run Time Initializetion Processing:

The DTE suspends scanning of the Output Transection Assignment Queue during Run
Time Initielization, and resume active processing when the nodes Real Net mode is reset to
resl cme run mode.

LAN IF

The LAN IF routines provide an interfece library to invoke LAN hardware IF functions
from high level epplication langueges. Specific functions enabled includs:

Herdwere Checkout:
+ anzalog end digitsl loop beck testing

¢ In/Out DMA: Routines for using the on board programmable DMA controller
for moving date to and from the Pronet 89 boards buffers.

+ Packet Origination: Routines for introduction of a packet stored in the Pronet
80 boaxds transmit buffer onto the LAN for delivery at another node, outpi
wreffic is recorded in the Cuiput Network Starus Log.

o Packet Status: Routines for verifying acceptance or refusel of an originated
packet by a targes nods.

» Interrepi Handler: Inbound packeis ere copied from the LAN and pre-scanned
by the interrupt handler es to contents. For data jtem 0 (administrative packels
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containing commands) appropriate responses are generated and transmitted 10
the Configuration Manager,

For real-time data transfers the address of an available input buffer for the itera
is determined, and the data contents of the packet are copied into the data buffer
using the in DMA routine. The receipt is recorded in the Input Transaction
Assignment Queue for delivery to the target player, counters in the Input
Network Status Log are updated. When the packe: received is inappropriate
(not item O and not an item targeted for this node) the data portion is copied into
& "junk" buffer,

Run Time Initializaton Processing:

The interrupt handler is elways active and provides routines for handling data item 0
packets. These routines enable down load and storage of the configuration files, as well as
responses to Comm Check messages and other required handshake acknowledgements.
When real-time data items are received during Run Time Initialization they are copied into
the "junk” bufier,

HARDWARE

The hardware requirements to implement & Real Net system are flexible, and allow for
mixed m.dia LANs with disparete bandwidth communications links. Minimal herdware

requirements include: (non-real time LANS (i.¢., Ethernet) can also be integrated into & (
Real Net system assuming non-deterministic timing attributes-can be tolerated), .

(1) A non-contentious/detsrministic serlal/paralle] bus system between nodes of
the Real Net where:

a) distance betwesn nodes can be > 50 ft,
b) #nodes can be > 25
¢} data rate can be > 10 megabytes/second

(2)  Tne ability to I/F to multiple local bus types, i.c.,

a) UNIBUS/QBUS
b) YME bus

¢) Muld bus

d) Versabus, etc,

(3)  'The local bus interfaces have the ability to do DMA in/out of the local bus
memory, and that control of the DMA is available directly by Real Net
software drivers, i.e., there are not multiple layers of software between the
Reel Net software and the actual data movement hardware.

(4)  All /O operations to the locel bus/Real Net bus have the ability to be
interrupt driven.

Martin Marietta
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The current implementation of Real Net uses Proteon Inc, Pronet 80 hardware. This
herdware provides intcrface board, sets for VME Bus, Q Bus, Unibus, PC, Bus Muldbus,

and with appropriate adapter boards, virtually all commercial bus architectures. The LAN
itself is a fault tolerant 80 megabit token ring,

Transmission media operations include: (slower data rates may be required for some
media, but software is not impactad) :

¢+ Fiber Optic

+ IBM Twinax

*  Microwave

+  Coaxial Cable RF (T1 and 56 KBPS serial interfaces)

Each host interface board set provides access to the LAN for packet originaton and
reception. An on-board programmable DMA controller chip provides the means for
performing scatter/gather operations, Gather operations are used to strip header data from

inbound packets, and copy data segments into appropriate input buffers for subsequent
delivery.,

Commercial gateways provide IP routing services between Pronet token ring networks and
other commercial IP Networks,
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SIMNET LONG HAUL NETWORK (LHN) OVERVIEW

Combat units at geographically dispersed SIMNET sites.can participate in real-
time large scale tactical exercises when their respective local area networks
(LANs) are connected by a long haul neswork (LHN). LHN links can be land lines
or satellite hook-ups. Each LAl has a small gateway computer that communi-
cates with all the other gateways on the LHN. The LHN links and the gateways
connect the LANs in a manner that is transparent to the combat vehicle simula-
tors, thus making the simulation a single network which requires no change to the

SIMNET Protgcol.

Distributed Simulation Requirements
for the LHAN

The basic LHN requirements are the same
as those for the LAN — high bandwidth,
Protocol Data Unit (PDU) multicasting,
negligible delay and variability of celay -
but the increased data traffic over the
greater distances of the LHN creates some
special considerations:

2 Bandwidth costs over long distances
are expensive.

3 While the LAN uses commercial
off-the-shelf components, the LHN
is largely a custom~designed net-
work. Modifying existing networks
proved extremely expensive, either in
development or fielding costs.

Q LEN voice communication is han-
dled as digitzed voice packets
through the gateways in place of the
simple radio network used with the
LAN.

Q Land lines are an inherently point—
to—point broadcast medium. While
the LAN supports direct multicasting
between simulators, the LHN must
rely on each gateway to make surs

that all other gateways get all the
network informaton needed by all
the LAN:s.

O To handle the increased data traffic
from so many.simulators broadcast-
ing over greater distances, the LHN
uses data compression algorithms
that maximize efficiency of channel
usage and cut down on delay time.

SIMNET LHN Configuration

On a typical LHN, a local gateway com-
puter communicates through dedicated
data lines to all of the remote gateway
computers. These, in turn, redistribute
the information to the intemal LANs via
the SIMINET Protocol.

The SIMNET LHN currently uses the
BBN Butterfly™ parallel processor as its
gateway computcr. The Butterfly pro-
vides maximuin compatability and code
sharing of digital interface signalling
code, and its parallel nature allows easy
upgrade if gateway or network require-
ments increase. Current Buiterfly gate-
way capacity is 500 vehicles and nine
land phone lines.

Butterfly is a rademark of Bolt Beranek and New-

man inc.

19190

BBN Systems & Technologies Corp.
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The current LHN land link is an AT&T
single dial-up 56 kilobits/sec phone line
supportng 100 vehicles each way. This
is cost effective since the long distance
portion of the link is engaged only when a
connection is made, much like a tele-
phone. Vehicle capacity increases as
more lines are added. Higher bandwidth
lines are also available, such as T1 lines
operating at 1.544 megabits/sec.

Land lines are proven to.be reliable and
maintainable, and they do not suffer from
satellite transmission delay. The advent
of fiber optics means land lines will be-
come cheaper and more secure. As land
lines become even more efficient, trans-
mission capacity will increase.

For remote sites, mobile sites, or in situ-
ations where the cost of land lines is pro-

hibidve, the SIMNET LHN can use high
bandwidth dedicated satellite channels.

Conclusion

Regardless of the distance between them,
combat units are now undergoing real-
time combined arms tactical training on
the same simulated battlefield. The SIM-
NET LHN has advanced in broadcast
routing, in reduction of bandwidn re-
quirements by data compression, and in
reducing delay through the simulation
network. These advances mean that
widely dispersed LANs of combat vehicle
simulators now operate as if they were-a
single network. This total training ap-
proach does away with the expense of
moving large numbers of men and-equip-
ment, yet provides practice in the war-
fighting skills that up until now could
only be acheived through actual battle.

© 1989 BBN Systems & Technologies Corp.. All rights reserved.
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TERRESTRIAL WIDEBAND NETWORK (TWBnet) OVERVIEW

The Terrestrial Wideband Nerwork (TWBnet) is a Defense Advanced Research
Projects Agency (DARPA) - sponsored program that provides cost—effective high
bandwidth packet switching betweer various sites throughout the conrinental
United States. The TWBnet also pre Jides multicasting service (delivering the
same message to mulriple receivers), which makes it appropriate for Distributed
Simulation applications such as SIMNET. As a result, the TWBnet will be the
long haul network for the March 1990 WAREZ! exercise, an advanced SIMNET
exercise involving 800 simulated combat vehicles communicating in real time.

TWBnet History

The Termrestrial Wideband Network
evolved out of the Wideband Network,
which started in the late 1970’s as a high-
speed, satellite~based packet switch net-
work. The Wideband Network was the
first high=bandwidth network to provide
time—division multiple-access (TDMA)
service to multiple senders and receivers.
The broadcast nature of the satellite links
was used to provide multicasting service.

The Wideband Network went through
several evolutionary changes — new and
faster parallel processing hardware for the
packet switches, new protocols to provide
faster, more reliable and efficient commu-
nications, and network management sys-
tems to provide a more robust network.
Many research applications took advan-
tage of the services provided by the
Wideband Network, particularly those
needing multicasting or time-sensitive
high bandwidth delivery: packet speech,
video and multi-media conferencing, and
work with new algorithms for file transfer
and interactive computer sessions.

After more than a decade of service, the
Wideband Network was transitioned to
use dedicated terrestrial T1 lines in the

Spring of 1989, and became the Terres-
trial Wideband Network.

How does the TWBnet work?

The TWBnet uses a backbone of
Wideband Packet Switches (WPS) con-
nected by 1.5 megabits/sec. T1 terrestrial
lines. Each WPS has one or several gate-
ways connected to it, with the gateways
located with the WPS or by other terres-
trial lines. The gateways are connected
both to hosts and local area networks.

The WPS are currently Butterfly™ paral-
lel processors, and take traffic from their
gateways and place it on the T1 back-
bone. Time on the backbone is divided
into frames, much like a train is divided
into boxcars. Each frame, or box car, is
dedicated to one WPS according to the
competing needs of all of the WPS. A
sophisticated algorithm for frame reserva-
tions prevents the collision of frames.
Since the T1 lines are full duplex, one set
of frames runs one way through the back-
bone and another independent set runs
the other way. In this way, all informa-
tion sent by one WPS gets to all others
without having store-and-forward delays.

Butterfly is a trademark of Bolt Beranek and New-
man Inc.

1/9/90

BBN Systems & Technologies Corp.
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Regquests for bandwidth are done with the
Stream Transport (ST) protocol. The ST
protocol provides the concept of a virtual
muldcast circuit, allowing the WPS to re-
serve frames in advance for the data.
Therefore, with ST there is no delay while
waiting for the frame reservation process.

Network monitoring takes place both over
the TWBnet and through the Internet,
with the Network Operations Center
(NOCQ) located in Cambridge, MA.

How is SIMNET using the TWBnet for
WAREX 3/99?

WAREX 3/90 is a multiple-site advanced
distibuted simulation exercise. Up to
800 vehicles (manned simulators and hu-
man controlled, computer—generated op-
posing forces) will participate at four sites
in the continental United States. Up to 12
radio voice channels will be provided
over the network between the sites. The
total traffic for voice and simulation data
is expected to be near 1 megabit/sec.

Each SIMNET site participating in
WAREX 3/90 is being provided with an
ST gateway which will provide service

directly to the SIMNET Ethernet™. The
ST gateway will also provide standard
DoD Internet Protocol service (which al-
lows Telnet, FTP, etc.) to each site. The
ST gateway will be reading the SIMNET
Protocol packets from the local Ether-
nets™, adding an appropriate ST header,
and handing them to the WPS for trans-
mission over the TWBnet.

The sites participating in WAREX 3/90
are Ft. Leavenworth, KS, Ft. Knox, KY,
Ft. Rucker, AL, and SIMNET-Washing-
ton. Developers will be observing from
Cambridge, MA. Most of the traffic will
be coming from the three Foris, with all
traffic being carried to all sites.

Conclusion

The Terrestrial Wideband Network is an
effective multiple—user carrier. By pro-
viding high-bandwidth, low-delay serv-
ice to many users, it lowers the cost to
each user. The effectiveness of its use for
a demanding applicadon will be shown by
WAREX 3/90, a SIMNET exercise with
many vehicles operating in real time.

Ethernet is a trademark of the Xerox Corporation.

© 1989 BBN Systems & Technologies Corp.. All rights reserved.
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APPENDIX D

View Graphs and Documents for the
Terrain Databases
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SECOND WORKSHOP ON STANDARDS FOR THE
INTEROPERABILITY OF DEFENSE SIMULATIONS

TERRAIN DATABASE WORKING CGROUP

These notes augment the summary briefing charts presented in the
final session of the Workshop on 17 January 1990 and address the
specific issues identified in the opening session.

1, COORDINATION WITH DMA

Continuing coordination with the Defense Mapping Agency (DMA) on
specific product requirements is being handled by DOD Service
Labs/Staff and/or Joint Oifices. Area coverage reguirements will
be handled primarily through Unified and Specified (U&S) Commands.
Terrain database issues in simulation networking require

continuing cooxrdination between P2851, PM-TRADE, ETL, TRADOC TSM
and DARPA,

2. INTERIM TERRAIN DATA ASSESSMENT/ITD
ETL is working with PM-TRADE to investigate ITD related issues in
conjunction with P2851 and SIMNET. Coordination among PM-TRADE,

ETL, DARPA, P2851 will be necessary for ITD assessment, with
additional support from BBN, IST, and PRC.

3. PROJECT 2851 ECP ASSESSMENT/ITD

See ITD assessment/ITD (Item $#2 above).

4. GEODETIC FRAME OF REFERENCE

The Working Group recommended adoption of the DMA World Geodetic
System (WGS 84).

5. DEVELOPMENT OF CORRELATION PARAMETERS AND METRICS

See Subgroup Chairman Duncan Miller's viewgraphs.
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S. DEFINITION OF SOLID MODELING TECHNIQUE

Werking Group anticipates use of Project 2851 (P2851) soiid
modeling technlques and libraries. P2851 has adopted a
ccnstructive solid geometry (CSG) approach to build Standexd
Simulator Data Base (SSD3) models. SSDB CSG models are
transformed into polygonal models based upon target IG's
erformance capabllltles and distributed in GTDER format.of this
cftware is ongoing; an*‘cipate completion in early February 1990.
imited number of trassicrmsd models will be incliuded within

B data sets to be distributed beginning in April 1590.

Gy v g

U l*‘ Hy
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i0, DEFINITION OF TEXTURE REPRESENTATION

Project 2851 presently does rot include & representation of
texture maps. Proposed engineering change (ECP) currently in
evaluation would add geospecific (photco) &nd generic texture map
representations. Preposed capzbilities are to be fully integrated
within the Project 2851 system in mid-19%2. Distribution of
sarple GTDB's with texture maps would be scheduled for early 1292.
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11. DISTRIBUTION FORMAT

Working Group recommended adoption of the Project 2851 GTDB as the
future distribution format. Specification is available now. Two
types of GTDB are supported: (1) gridded-terrain/vector culture;
and (2) polygonal-terrain/vector or polygon culture. Gridded
GTDB's are criticzl to support many existing CIG architectures as
well as semi-automated forces (SAF) and hard-copy/soft-copy
cartographic displays. Polygonal GTDB's are designed to meximize
correlation between a family of existing and anticipated
heterogeneous CIG architectures. Sample GTDBs to be produced
beginning in April and distributed to ISWG.

12. DATAEASE REPOSITORY ORGANIZATION

The Working Group recommended adoption of the proposed Project
2851 repository at DMA RAerospace Center, St. Louis, MO, Initi
operational capability (IOC) is scheduled for May 1991. The
proposed P2851 facility is to be administered by DMA, managed by a
tri-sexvice liazison board, and contractor-operated.

-

zgl

13, SEMI-AUTOMATED FORCES (Unmanned Vehicles)

See Sub-Group Chairman Dexter Flecher's viewgraphs.

%ﬂ———

23 January 19%0 George E. Lukes, Chairman
Terrain Database Working Group
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INTERIM TERRAIN DATA (TD) FACT SHEET

BACKGROUND

The Army, through the Engineer Topographic Laborateries (USAETL), Digital Concepis and Analysis Center
(DCAQ), is committed to ensunng that Army's near-lerm requirements for a tacucal-level digital terrain analysis
product are fulfilled by an acceplable means. During 1988, both USAETL and the Office of the Deputy Chief
of Suff for Intelligence (ODCSINT], represented Army in discussions with the-Defense Mapping Agency (DMA)
to provide an intenm terrain data (ITD) product to adequately and expediently service Army's near-lerm
requirements.  Subsequendy, DMA commitied to producing a volume of ITD 10 support the operauonal
requirement of the Army’s Digital Topographic Support System (DTSS). DMA delivered, to Army, draft Interim
Terrain Data Prototype Product Specifications in Sep 88, and a prototype data set in Dec 88. The Army
evaluated their suggesied approach in lerms of the data sets’ user-friendliness. and ease of production, and
recommended changes, some of which have already been implemented by DMA

DISCUSSION

During Oct 88, DCAC conducted an in-depth evaluation of the draft ITD product specificatons with technical
support provided by in-house personnel and DCAC's engineering support services contractor, with comments
funished to DMA in a technical report.  As stated in the draft ITD prototype product specifications, DMA
proposes building ITD data sets iniually through software conversion of exisung Terrain Analysis Production
System (TAPS) data, then by digitizing hardcopy (analog) tactical/planmrs temain analysis data bases
(T/PTADB’s) and finally by new product generation via the DMA Mk.85 Feature Extraction Sysiem (FE/S) using
data collecuon software designed for terrain analysis. In December 1988 DMA delivered the first ITD prototype
data set 10 the Army. DMA produced the prowtype through a conversion of the six (6) 12" x 15° cells of DTD
generated from the [now defunct] TAPS. The TAPS software conversion process included Loth data exchange
format and coding scheme changes.

The majority of the ITD data sets will be produced from existing analog products and will consist of 6 (six)
segregated files that represent the T/PTADB terrain feature data themes of surface configurauon (slope), surface
drainage, surface matenals (soils), vegetauon, transportation and obstacles. For all ITD data sets, terrain elevauon
data is provided as DMA Digital Terrain Elevation Dala DTED Level 1 (three arc-second data). The ITD
product data exchange format is DMA's Standard Linear Format (SLF) and the feature/attribute coding scheme
is the DMA Feature File (DMAFF).

The current DMA production schedule for ITD calls for the production of 20 cells in FY89. These 20 cells
incjude 4 cells Fort Hood, Texas (U), 1 cell_ Middle East (C), 1 cell Korea (C), and 14 cells Europe/Germany
(C). DMA began producing these data in Jun 89. The Middle East cell will be a digitized PTADB (1:250,000);
the other 19 cells will be digitized TTADBs. Based on the current schedule, ITD producuon for the outyears
will likely be 150 cells (FY90), 180 cells (FY91), 252 cells (FY92), 300 cells (FY93), and 300 cells (FY94).
Testing and evaluaton of DMA's ITD production system commenced in Apr 89 with the generauon of an iniual
(iest) data cell over Germany.

DCAC is currently investigating other ITD and ITD-related issues including Army co-producibility of ITD, data
structure, format and coding scheme conversions, and quabty control software development. DCAC conducied
a technical evaluation of the completed ITD prototype data set. Participants in the evaluation process were the
DTSS contractor and ETL Geographic Syslems Laboratory personnel tiat are supporung the DTSS program.
DCAC and GSL personnel will continue to monitor the ITD productior program, DCAC also plans 10 evaluate
a production-quality ITD cell in the near future,

The points of contact for ITD within the Army are as follows:

ODCSINT: MAJ Kurt Hovanes, commercial 202-695-5509, AUTOVON 225-5509
USAETL: Mr. Francis Capece, commercial 202-355-2804, AUTOVON 345-2804

Date of last revision: 15 August 1989
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1. Abstract

Terrain reasoning is an impornant component of miliany
mission planning, and must be present in any combat
SIMU;ation 1n order 1o provide reansuc vamming. The
Semi-Automated Forces (SAF; system, which 1s a pant
of tne DARPA SIMNET program, 1s a realume, large
scale, high resoluuon. man in the loop combat
simulation system, which provides continuous
simulator. at all levels, from ndividua! vehicles to large
(regimentaly umits. The SAF system contans a terrain
reasoning component, which provides realism to the
SAF vehicies and assists the SAF unit commander with
muss .on p.anning. This system works at all levels of the
simi ‘auon, from the individual vehicle level to the
highest echelon level, and incorporaies mulople terrain
casoning applicauons. At the vehicle level, the terrain
reasoning system performs local area reasoning, which
ipzludes finding defensive pogmusne 2=? avoidrr
obstacles, such as water, butlaings, and oter vehid.cos.
At the higher echelon levels, this system performs
reasoning with map-like objects. such as roads. avenues
of approach, and nivers, 10 support operaions like route
pla.ming and coordmated bridge crossings. For mc..
missions, s system provides seamiess periormance at
an ddvels o it simaiaucn. For eaampac, avenaes ¢f
approach and unit boundanes are uulized 1o generate
rou es for a unit and its sub-units, then mdividual
vehicles periorm the local area reasoning as they follow
those rout2s. The system interacits with batuefield
environmani models, including intelligence. electronic
counter measures (ECM) and metzorological modzis, 1n
order 10 provide reahistic mission planning. For
example, routes generated from just the terrain may be
modificd zased on mtelligence datz. such as known
enemy locauons, or meteorological data, such as poor
mobihity dus 10 weather conditions.

A power{u. terramn representauon has been deseloped to
suppoert the terrain reasemng compoanent of SAF. This
representauon 1s an object-oniented, quadiree based
approach. which allows data objects 1o be stored in
diflerent ways at dufferent leveis of abstracton. This
allows reasoning to be performed quickly over large
areas of tne terrain and then focused in on smaller areas
for more exact reasoming. For example, roads can be
stored v accuraishy 2t the Jowest jovel of the tree, on
that indsv.idual vehicles can follow them and not run off
of them. At a higher level, a road network which
approximates each road as a straight line segment
between intersecuons can be stored, which can be used
1o quickly find shortest routes over large distances. The
lerrain representauon also supports dsnamic terrain, $0O
that the exact state of the simulated battlefield can be
representcd. Dynemid terrain aliow, simulauon objecis
to effect the terrain, such as destroy bndges or gencrate
mineficios, Thus FEPROACHabion Prav.des 107 Ttanilhe
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modificauon so that these dynamic terrain effects are
incorporated into the terrain reasoning process.

An important component of the terrain reasoning
system is the unit commander operaung the
workstation. A powerful soldier-machine interface
allows the results of the terrain reasoning process to b
monitored and modified by the commander at any time.
The terrain reasoning system 1 not dependant on the
commander, but he prosvides a supervisory componert
10 it. He may provide addiuonal collateral informaucn
to the planning process, such as suspected enemy
positions, 1n order to regenerate a set of routes, or he
may modify the results of the planning process, such as
moving waypoints along a generated route. He may
enter battlefield control measures, such as phase lines
and unit boundaries, which are also utilized by the
lerrain reasoning process, so that routes stay within
desicnated sectors ang allow the unic to reach 2
partcular locauon at a parucuiar ume. He may periom.
these modificatons at any tme, so that a mission can be
redirected based on modified terrain reasoning resu.ts
The terrain representauon In Uls SYSIEM Au0ws Lig
terrain to be displayed and updated rapidly. so the
commander can view a map of the terrain aiong w.th
the baulefis!d conwol measers,. The qualzes approalt
allows rapidretrieval of user selected areas of the
terrain, so the commander ¢an magnify OFf scan to a
section of the map quickly.

2. Introduction

The SIMNET program, an advanced technology preject
sponsored by the Defense Advanced Research Projects
Arency (DARPA; 1n close cooperation with the Army.
contains a Semi-Automated Forces (SAF; svsiam.
which utilizes a terrain reasoning subsvstem. SIMNET
[11, 12] utilizes a large scale network of low-cost, full-
crew tank and aircraft simulators, which allow the
Army to conduct platoon-. company-. and battalion-
level exercises incorporaung all of the tacucal. legistic,
administrative, and communicaton elements that are
criucal 1o actual field operations. The SAF system (2. 3)
allows exercises at the regiment and above levels to be
run without requinng large numbers of fully crewed
simulators. SAF allows a complete baualion tc be
controlled from 2 single worksiauon and ¢ foll
miegrated into SIMNET, so that, at any level, fuil:
crewed simulators can take the place of a SAF vehicle.
This system operates within the SIMNET environmer..
where 1t must exhibit realisuc behavior in order to
engage in combat with manned simulators, and it mus:
fighi 10 win 1n that environment.

In order for any combat simulauon to be effeitve. the
simulauon sy stem must be able to reason about terrain,
SAPuun Uil Feaorung iC the uslr, 803 1371l distae,
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the terram through a powerful user interface. At the
hear: o any combat simulauon is a requirement for
intelhgent reasoning over terrain for mission planning.
Thic rangec from micro-terrain navigation and rovte
planning for individual vehicles (such as SIMNET
emi-automated vehacles or auionomous land vehicle
simulations 10 mission planning for jarge units. The
ooraroreascning proces. menn ke plact al vanice:
levels within the simulauca. as shown in Figure 1. At
the highest level, human level reasoning using map
objects, such as roads and avenues of approach must
take place. At an intermediate level, avtomated terrain
reasoning, using similar map objects, must be
performed. At-the lowest level, vehicle level reasoning
of local terrain. such as soil type covered or terrain
slope, must take place.

BB Systems and Technologies Corporation

When real world terrain reasoning occurs, many (erram
fa.tors are taken Into account. Networks of road and
water systems are used to find the best routes between
locations. Cross county mobiluy factors based on
atuributes such as slope, soil type and weather are used
in planning unit movements. Visibility factors such as
hill tops and tree cover, and vulnerabiity factors, such
a: bridges and canyons, all play 2 pan i reasonable
terrain reasoning. This paper describes some of the
research into data representation and reasoning
techniques performed at BBN, along with their tesung
and use in the SIMNET environment, 1n order to
provide a real-world solution 1o semi-automated terran
reasoning.

/ (1]
Ll

Unit Commander

Human Level Reasoning
Symbolic Terrain

Representation (Maps)
Mission Planning

Terraln-Reasoning

Automated Reasoning

Symoclic Terrzin Reoresentation
(Opjec: Onenteg, Abstrac:

i Mission Planining

Tactical Situation Route Generation

Tacucal Sirvaten

Vehicle Behavior

Robaotic Reasoning

Rezi'si.c Terrain Represeniaticr
(Polygons, Micro-terrain

Mission Execution

Batiletield Effect

Figure |

Terrain reasoning within a combat simuiation is
performed at various levels,
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3. Terrain Representation
3.1. Requirements

Military terrain reasoning for mission planning is
generali. performed usinz maps of the battle area
Terrwn features are represented as absiract objets with
specific atmbute informauon displaved along with
feawre locations. Spatial relationships of these objects
are interpreted by the user based on these locations. For
automated terrain reasoning, the terraun features used
have to be represented simularly. Therefore, the terrain
representauon 1s a large factor in the ability to reason
about the terrain. The representauon should have the
following characleristics:

» Be object onented, to allow various classes of
terrain objects and their relationships to be stored.

+ Support rapid search techmques to allow high level
casonung to be performed 1n a reasonzble ume.

« Be easily expandable so that new static object
types can be addcd to it and also to aliow dynamic
terrain 10 be added and deleled during runime,

* Provide connectivity informauion along with
support:ng siatic information, to assist the
reasoning process. For example, distances along
road segments within a road network can be added
when the road network 1s generated. so that this
informauon will not have to be calculated at
runtme. .

« Support logical operauons on area objects since
many different area objects can overlap. For
examgle, one of the reasoning processes might be
10 determine the mtersecuon of a mobiity comdor
and a mwnefield 1n order to find a safe passage to an
objective.

+ Handle different objects n different ways in order
to be most efficient. For example, linear objects
should be stored 1n some type of networks so that
therr connectivity is represented, whereas area
objects should be represented in such a way that
thas Zeometn 1S presencl.

+ Allow the terrain objects to be displaved efficienty
and quickly, since most military applications of
terrain reasomng require the results 1o be display ed
over a representauon of the underiaving terrain
The terrain should retain 1ts object onemed
structure when displayed. so that the user can
interact with 1.

s Be as compact as possitic. This will provide more
s ,...J ing dunng tesan reasoning, himit the

D~47
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amount of data necessary in computer memory
when drawing and during searches, as well as himat
the amount of computer storage that is necessary (0
store the terrain.
« Be organized spatally so that specific regions ¢f
the terrain can be displayed quickly, without has 1ng
to search the whole terrain database to find al! the
objects to draw.

« Store different representations of the same objects
in different ways, so that more fidelity is displa:ed
when 1t is necessary. For example, when a larze
scale is ben g displayed, roads can be representsd
by the netwc :k information only, but as the scale of
the display is made smaller, the road width and
road type informauon couid also be displayed.

¢ EFN

10 dxspla) this elevauon mformauon mn a useful
manner, such as contour lines and eles ation slices.
This is necessany o provide 25 much information $°
the user so that he may verify the results of the
automated planning or do his own planning if th
automated planning breaks down.

\ giors thres dimengions! d20- and bo =l

------ [ A N

The object oriented terrain used by the SAF system has
other requireme s 1mposed on it because it is used 1o
conjunction with the SIMNET Computer Imaze
Generator (CIG) runume databases. The CIG’s are usad
within the manned simulators to provide a visual scene
of the battlefield to the soldiers talung part in the bati.:.
The SAF vehicles are also seen by these soldiers on the
battlefield through the CIG’s, so the placement of the
SAF vehicles on the terrain is criucal for a reahisic
stmulauon. The SAF terrain must correspond exaciy to
the SIMNET terrain in specific areas, pamcular!\
bridzes and water, since,. for example, the SINNET
vehicles will bog down if driven into water. If a unit
commander sends a SAF unit across a bridga. tha:
bridge must be at the same location as the bridge in the
SIMNET envuonment or the SAF vehicles will gt
stuck in water or appear to dnve through -the v.a.....
Trees and treelines are another feature that must be
represented exactly, since they can be used for
concealment. Other features like hills and mobilin
eas can b2 LPresenied more au;b’-’.:u\.
features are not used for vehicle Jevel reasoning, so their
exact locauons are not as criucal 1o the simulation.

T
Sifice Uiese

The runume terrain database used in the CIG is no:
suited for either reasoming or drawing. This daabase
consists of a large number of polygons which are
opumized to display quickly when used with the CIG
hardware in the manned simulators. The terrain
poiveons. which have different elevations at
vertex, are used 10 display the underlying terrain.
Terrain obyesis, which 2r2 made vp of large numbers of

each
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indiniduzl polygons, are used to display the terran
specific objects on the underlying terrain. For examy.z,
roads are represented as a series of road polygons
overlud on the terman oy £ons, @ shown 10 Figuie 2.
The individual runume chjects are made up of a large
number of poingans for two reascns Faratly. the
runume database 15 broken up o load moduies 10 limnt
the number of po.ygons that need to be handled atany
one ume by the CIG hardware. This forces objects to be
broken up at these runtime module boundaries.
Sevondly, otjects are broken up so that they he flat on
the underiying terran paiyzens. This large number of
obsect polvgons make drawing of the terrain objects
vony slow. Alse. . ;asoning on these objects is extremely
cill:cul: because tnere 1s no connecuon between the
individual polygons of the same object.

(|

4

|
!
i

Figure 2
Feature poly gons. such as this road, are
overlayed onto underlaying terrain poiy gons.

3.2. Diversified Quadtree Representation

Various representation schemes and their organization
were investigated in order 10 determine an optimal
terrain representation for the SAF system in accordance
with the ahove guidelines. Previous investizations of
varicus herarchi.cai spaual dais representations were
revizaed and evalu..ed according to these zuidelines.
Quadtrees 107, which subdivide the tesTain inio areas
conARINg & SIngie leaiure, are uselu! for storage of area
and point features. Techniques exist for efficient
genersLen and seasthing of quadiress. Muluple
quadtrees can be used to siore overlapping regions. and
routinzs exist for performing Boolean operailons on
quaduree region;s. Specialized quadirees have been
Soenl0ped WL PT vl SR sterass o ouner
leature tvpes. For examypie. PMR quadirees {8) store
near features by subdividing the temrasn 1nto areay
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containing a sct number of vector endpoints. All
quadtress. howeser, require a large amount of memen
and are not always opumized for memory accesses. R-
Trees 4 provide a representauon tor area features that
is opt.mized for memory access, but 1s based on
overlapping regions, so some Joss of spatal relatonsiuy
occurs. Octrees (5] are useful for storage of three
dimensional date. bul require eawemel, large ameuni:
of memory and are quite complex.

Topographic databases for geographic information
sysiems are based on levels of organizauon for terrain
features. One such database [6] uulizes a cartographic
features level and a topological elements level to stcre
feature attnbutes and locauons, respecuvely, and 2
spatial clustering layer to store spaual relanonships, by
sorting the features according to size and location. A
database based on planar subdivision [7] stores regions
as poiygons anc lin2zs fzaturss as ecges. Wesghis &2
assigned to the polygon interiors and edges, and are
used for terrain navigation. A hybrid data structure
based on quadxees (1] has been proposed which stores
indices inte feature data structures. Vector
representations are used for linear feawwres ani
quzdrees are used for arsz featurss. A pyramil, whiss
is represented by a quadrree, is used 1o store the spatal
relationships.

Two approaches were considered for the SAF temain
database. a unified data structure approach and a
diversified datz structure approach. The unified
approach stores all of the terr2in objects in the same
data structure, which is then used for both reasoning
anc drawing. A quadtres structure was investigatad.
with the leaf nodes of the wee cormresponding to
individual terrain objects. In this approach, each quad is
broken down into four new quads until each quad
completely contatns one terrain feature, as can be seen
in Figure 3. This approach was tested with a portion of
the Ft. Knox database and generated 83,402 four meter-
quads within an 8 by 8 kilometer area. This approach
worked well for certain reasoning operations, like
idenuifying the types of ierrain feawres crossed by a
parucular route, Using a Symbolics 36751, the system
was able to idenafy all of the terram features along a 8
kilemeter route within 0 5 seconds. The main drawbadh
wiih this approach was that it lacked the connecuion
mformauon needed for other reascning operavons, L.he
road following. Alse. it was moderziels slow 1C draw
the quadiree nodes, because the guaqs at ine 10wes,
leve! wera small (4 meters in order 1o provigz smoot:
borders. It aiso required a large amount of memon
store this database. boih on dish ard duning runtme.

ISymboiizs 3277 Lisp Machine. £MWords Memers,
Floaung Point Accelerator, 47+ MByte Disk, 2+ Bit
Frams BulTer, Genea 7.2 Operaung System.
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A dnersified quadiree representation, wiuch is beuer
suited for both reasoming and dispiay, was also
imvesagaied for use within the SAF system. In this
representauon, each quad contains pomnters nio data
stuctures holding the actual terraun features and each
leai node has a large fined ground size, as shown m
F.gure <. Each feature type 1s stored in a separate data
structure which 1s opumized for that obiect type.
Different data structures are used to index 1nto the
feature duia structures, for determming the spanal
reiauonsh.ps between features. For example, road
segments are stored in an array, with each quad
contamng poniers inie the road segment array. A road
mersecucrn aray 1s also generaied. with painters 1nto
the road segment array. This array specifies where
interseculns are located and whuch road segments form
them. Wi this approach, absmact data strectures can
be stored a: higher levels of the quadtree. This allows

ronm-repmiziean ~f ("‘ aric 37 difforens foveke of r.:.t:.:

Vet Ss Mdaasean P .

s¢ tha: reasoning can be performed quicky over large
areas of the terrain and then focused in on smaller areas
for more exactreasening. Also. large areac of the terran
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can be displased at a lower fidelity 1o speed up drawing
ume. The quaduree structure provides the data
orgamizauon to hmut the search space 1o only areas of
wterest. This 1s especially important when the reasoning
15 at the vehicle level, where each vehicle needs to
know about the terrain immediately surrounding 1. This
representiuon aliows for easy updatng becaase only
the indices of the objects are stored in the quadures.
When new features need to be added or eaisunz
features updated, only the indices in the quads nﬂed Lc
be changed. Dynamic terramn can also be handled

this representation since the underlaying data strmtures
which normaliy are stauc structures, can aisc be
dynamic and the quads can be updated 1n real ume. This
representation also handles the case of overloading
within an area of the terrain. If the sysiem performarnce
is significant!y degraded because of too many features
within a quad, that quad can be broken down o four

< 1. Tmrem 2
emsehee be broke- {~wrn

new anA— ek can il

[-109-} -ulsxl L
necessany, unul each quad contaims a more reasonat.e
amount of data.

<o

Simple Terrain

Quad Tree

Figurs 3
The classical quadiree approach divides the terrain
unii each guad nodz contuns only 2 sinzle featurs,
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Figure 4
The diversified quadtree approach allows high level reasoning to be performed
on low resclution representanons of terrain features and high level reasoning to
be performed on high resolution representations of the same features.
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3.3, Performance Study

A stwudy was conducted to determine how different
parameters of the diversified quadtree affect its
perfcrmance. The two factors invesugated were tne
mimimum size of the leaf nodes and the method of
filling the quadtree. A test database of 50 by 50
kilameters= was used for this studs. Two methods of
fiiling the diversified quadiree were investigated. The
first method, leaf filling, fills only the leaf nodes of the
ree w..2 indices mto the feature arrays. If a feature 15
present in more than one quad, the index is duphicated
in those quads. The second method, fully populated,
allcws any node of the quadtree to contain indices into
the feature arrays. In this case, a feature 1s stored in the
smallest quad that completely contains i, so there 1s no
duplication of indices. The leaf filling method is better
suited for databases which contain smaller features,
STl iR :.:;..::'.Z:: chindices of g featvres siows
down drawing and searching. There is a trade-off,
owever, because in the fully populated method the data
b‘.om: less spatiallv organized. Features of any size
that cross quad boundaries are moved to higher levels of
the quadtree, This is particularly severe at the center of
the daabase. because any feature that crosses the center
lines wiss resige at the top of the uge, Therefore, when

drawing or searching a single leaf quad, all the quads’

above it in the wee have to searched for features that
ma) bz n that quad. With the leaf filling method, all of
the indices for that leaf quad reside within it so no other
scarching needs to be done.

The results of the diversified quadtree study are shown
in Figures S through 8 The effects of quad node leaf
s1z2 on the sioragze requirements for the quaduee
siwucture is shown in Figure 5. The quaduee memon
refers to the memory needed for the quadtree structure
itself and the indices contained within the quad nodes,
but not the structures storing the terrain features. A
gquzdires with vory small leaf niodes requires a large
amount of memory for this quadiree structure. A
quadtree with large leaf nodes require less memory, but
the data lose spaual organization. Figure 6 shows the
effects of quad node leaf size on drawing time for a
high and a low map scale, when drawn on a Symbolics

3675 Al the low map scale (1:12.500), drawing time
increases shghUy with larger leal nodes, since more
obyects are “contained in each quad node as the
minimum size increases. At the high map scale
(1:100.000}, drawing time is relauvely constant for the
fully populated quadtree, but decreases rapidly as the
minimum S122 increases for the leaf filled quadJ& The
number of duphcate indices increases as the minimum
leaf node size decreases. so objects are drawn many
more umes wih smaller leaf nodes. There 15 no
duplicauon of indszes in the fully populated quadures. so

arunang tme s consiant The lear 105ed quadures draws
f:msr al the low map scale due 1o its better spatial
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organization. Figure 7 shows the number of duphcate
mdices 1n a leaf filled quadtree for vanous leaf node
sizes. Most feature types show a large amount of
duphicauon within smaller leaf nodes. Roads do not
show much duplicaton because the road segments tend
1o be less than 1250 meters long sc that they de net
cross many quad boundaries. Finally, Figure § show:
the drawing speed at all of the map scales for the tw2
types ot‘ quadtrees, using a leaf node size of 2570
meters?. The drawing routine uses the quadtree search
routnes, so drawing ume can be used as a measare of
searching efficiency. The fuih populated quamne

of 1 dices, but Lhe Icaf melhod draws faster at lam
scale. because of its better spatial organizaton. At the
1:200,000 map scale, the quadtree 1s not used for
drawing, since all of the featurss are drawn, sc bcth
methods exhibit sxmxlar drawing umes. A quad nodc
Jeaf s1ze 02500 meters- was eveniuiiy chosr 1¢r o
SAF database because the dawa sull retain sumc 2ni
spaual organizauon with adeguate memory usage, A
fully populated quadires was zlo chosern, dus 1o the
many large area ob_;ects in the dawabase and the fasier
drawing ume at the higher scales. which take the
longest to draw.,

3.4. Quadtree Search Algorithms

Figure 9 shows the three types of guadiree search
algonthms developed for use with the fully populaicd
quadiree. The first techmique shown finds all of the
quad nodes that descend 1o a parucular leaf node. This
routne 1s used to find all of the features at a parucuiar
location on the database. Starung at the top of the wee,
this rouune traverses the appropnate chid nodes unis 1
reaches the leaf node, keeping wach of ail of the nodes
raversed. In this way, all nodes that do not have that
leaf node as a descendant and all siblings of that leaf
node are ehminated from the search space. The second
technique finds ali of the quad nodes that descens 1o
more than one quad leaf node. This rouune 15 used for
finding all of the features that may be passed thruugh by
a hinear or area object. Starting at the top of the
quadtree, each node 1s tested to see if 1t passes througn
the area of nterest, which 1s usually the bounding
rectangle of the linear or are2 object. If a quad node 15
totaliy outside of the tesi ares. it 1S ehiminales Irom e
search space and 1ts descendants are not tested. It a
node is partially or completely within the test arez, 1t 1s
retained and its descendants are tested. The thirc
techmque 15 simular to the furst. but 1s used 1o finc
features that are close to a2 parucuiar lozzuion on tne
ground. This routine 1s used to find features that mas be
in neichbonng quad nodes of 2 parucular point, Ths
muune creates a rectangular tes: area around a locatios
by adding and suburacung half 2 leal node widih and
height to the locauon. The second search aigoninm is
then used o find al! of the quad nodes thet contnibuiz 1o
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that test area If the locaiion iz close o the center of a locauon is near the edee of a leaf node, the test area will (
lcaf quad node, the test area will be completely within extend 1nto one or more neighbor leaf nodes, 5o quad

that leaf node, so only quad nodes that descend to that nodes that descend o any of those leafs will be retarned

{2af will be retained 1n the search space. If, however, the in the search space.

- Search Technique #3
e 7 Quac nodes tha: desvend o a singie 'sal.

N\
\

] Search Technique #2

; Quacd nodes that descenc to multiple leaf nedes.
% {

Search Technique #3
/éi%/ Quad nodes that are close to a location.

£ Quad nodes retamned i the search space.,

Figure 9
Three quadiree search techniques are used with {
the SAF terrain database, -
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3.5. SAF Terrain Database

Two databases, whose characteristics are shown in
Figure 10, have been generated for use within the SAF
system Both of these databases are based on quad leaf
node sizes of 2500 meter=. In order to evenly divide the
whole area down to this size, both quadtrees are based

on an overall size of 80 kulometer-. The memory size
shown s the amount of disk storage for the quadtree
and al] of the feature objects. The contour lines make up
a significant poruon of each database, especially Fi.
Hunter-Liggett because of the mountainous terrain 1n
that arca. This representation 1s essentially two
dimensional, where elevauon dawa are siored as contour
lines and area features. Octtrees could have been used to
store the elevauon data, but the memory requirements
and complexity precluded therr use in the current
ssystem. Elevation data necessan for actual vehicle
piacement on the ground are obtained from the runume
CIG terrain polygons. so that vehicles will appear
cerrectly in the manned simulators. Ocitrees may be
used to store this elevauon data in future versions of the
system.

Tharo are five clesses of terrain objects 1n the SAF
terrain database. These are networks, area features,
linear features, pomnt features, and dynamic terrawm. In
the present system there are networks of_roads, nvers,
and railroads, and area features of water, forest, and soil
type. The linear features consist of treelines and contour
lines, and the point features are individual wees and
buildings. Dynamic terrain consists of battlefield
control measures, such as phase lines and objecuives,
and minefields.

SAF Terrain Databases

Fi. K~ F: Hunte-.Liccen
Area of Terraun 75 x 50 km=~ 50 x 50 km?
Number of Quads 1365" 1365"
Leaf Node Size 2500 meters? 2500 meters2
Memory Size 1.6 MByies 2.1 MBytes
Minimum Elevation 115 meters 0 meters
Maximum Elevation 300 meters 1780 meters
Comour Line Inten al S meiers 10 meters
Contour Memon Size 1.2 MBytes 1.8 MBytes

* . Number of quads based on 80 x 80 kilometer~ area

Figure 10
Charactensucs of the SAF Terrain Databases
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The networks are represented as arrays of segment
objects and arrays of intersecuion objects, as shown in
Figure 11. The segment objects are the segments of
each feature that run between the intersecuons. Each
segment object contains a hist of points specifying the
midline endpoints of each leg within that segment alon;
with-the width of that segment and the total distance
along that segment. The intersection objects contain the
locauon of the intersection along with a list of the
segment identifiers which connect at that intersection
and the identifier of the intersection at the opposite end
of each of those segments. In the SAF system, an
intersection occurs where two or more networh
segments come together or a single segment erds. and
the identifiers are simply the indices into the segment
and intersection arrays. Each feature is represented as a
separate network instead of a single network of all
linear features. This speeds searching since each
network can be searched indepandenti,. and andv.s
each network to be displayed separately.

Bridges are handled as a special case of roads and a2
stored within the road network. Each side of a bridge is
considered an intersection, so each bridge is 2 separate
road segment object. These objects have all of the same
informauon as nomal road objects, but are 1denufied as
a bridge segment. This allows more precise road
following routines to be run when a vehicle is crossinz
a bridge, as well as allowing bridges 1o be 1dentified as
targets.

The river network consists of an array of water
segments, similar to the road segment array, where each
segment is broken up where more than twe nvers mees,
where a nver segment meets another network segment.
or where the width of the river segment changes. The
river segment width information is stored along with the
midhne points. The width infermauon 1s stored as a Lt
of three values which consist of the widths at each end
and at the center. These widths are usea 1n the drawing
routine to taper the segments when they are drawn.
Also, each water segment is labeled as being fordable or
unfordable water. The rail network is very similar to the
road network. Multiple tracks are treated as single
segments with additional width, -

Area features within SAF consist of forests, areas of
similar soil type, and bodies of water not represented in
the river network, such as oceans, lakes and reservoirs.
These features are represented as objects consisting of
boundary segments and triangles, as can be seen in
Figure 12. The boundary segments are a list of al}
connected boundary points for each area feature. This
list is used during terrain reasoning. The tnangles arz
the mimmum number of three sided polygons necessary
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tor drawing the complete area. These are used by the
drawing routine to draw these object quickly and used
by the terrain reasoning rouunes for rapid screening.
Finully, the area objects contain attribute mformation
perunent to that area object type. For instance, forest
obj.ols cORtaun atimpues about the general type of trees
in that [ rest, as well as pointers mto the tree and
treeline representauons for those objects that are-within
the forest.

Linear features are represented as arrays of linear
objects, where each object consists of a point list and

>
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associated attnbutes, such as heights of treelines and
elesauon of contour lines. The contour lLines are
generated from the iniual database elevation points,
usual.y DMA DTED data. They are broken up at quad
node boundanes, since, otherwise, they tend to cover a
large portion of the database. Point features are
represented as arrays of point objects, where each point
has a locauon and other attnbutes based on the object
type, such as type of building or height of a tree.
Locations can either consist of a single point, such as
the locauon of a tree, or a list of four points o specify a
rectangular object, such as a building.
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Dynamic features consist of objects entered at the
worksiatian which can be removed or edned. These
objects can be battefield conirol measures and
munefields. In future versions of SIMNET, there will be
much more QYNLimic e, such as biown up bndges
and tank traps. The current SAF terrain representation
will easil. accept these new features. since each feature
is stored i1n a separate array. This array can be
dynamica:ly edited, and the resulung index changes
made o the quadtree in realume.

Battefield control measures consist of avenues of
approach objecuves, phase lines, ases of adsvance, unit
boundari.s, forward lines of troops (FLOT, EFLOT),,
lines of departure and lines of contact. The dynamic
area featsres, such as avenues of approach, are
represent=d stmilarly 1o stauc area features, and the
dynamic linear features, such as phase lines and unit
boundan:s are represented similarly to stauc hinear
teatures. 4., of these features are editable. can oe
incorporaied mnto missions. and used by the mission
rlanming rouunes. Batdefield control measures can be
saved int. overlay files and reused at a later date or
shared be:ween workstations duning an exercise.

N\ a A ars wrenentmemead na Hamee ablawrs qe itk
Sneabbre, Gie ICETCSCHICG @S uinedr OCjecid Wiln

vanable w.3hs, minefield density and mine sensinvity.,
These ot e:is are also editable, but delays have been
buiit intc e system to ke 1nte account the ume 1t
takes 1 <lzar or modify a minefield n the real world,
Munefiel can be saved n overlay files. but they do not
creaie the manelicid when loaded bach . Thus prevent
many cor.es of the same minefield being created in the
SIMNET 2nvironment when overlay files are shared
among <. .zrant worhsiauons. It does allow other
workstat.z=s to display the locauons of previously
created manzfields, however,
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Figure 12
Area obiects contamn boundary segments,
tiangles, and attnbuie formauon,
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4. Terrain Presentation

The SAF terrain database 1s an integral part of the
mussion planning prucess. The user is also an integral
part of this process and therefore must be abic &
interact with the terrain database. The terrain must be
displayed quickly and 1n a form that the user 15 famil.ar
with. The SAF system presents the terrain 1n the same
form as a military map, since that 1s what a unit
commander uses duning mission planning. Along w:th
the terrain features, which are displayed in color, UTM
gnd lines and a legend are displayed. Routines are
provided to change the scale of the map dispiay and
change the locauon within the terrain that 1s being
displayed.

The diversified quadiree representation used n the
terrain reasoning system is used to display the terrain.
This representation 1s orgamzed spahally. which allows
1t 1o be displas ed quickly, whule sull retarning the object
onented structures. This 15 important because the user s
interacung with the terrain features on the displas. such
as selecung roads and bndges, and the seiecuon of e
terrain objects must be performed 1n realume. If a
separate representation was used for display, 2
SChNVErSIOn ToGune wouid b necdid tiiwedn L Ll
representations. Two representations would also
necessitate larger storage requirements as well as
contribute more compiextty 10 the system. With the
single representation, the same routines that arz
optimized for searching dunng terrain reasoning are
used dunpg display, whichn also alows the @man (&
display faster and with less complexity.

During a typical use, the map display 1s redrawn quii2
frequendy, so much work went into drawing the terrain
as quickly as possible. One effective technique was 10
incorporate a-very efficient clipping algorithm into the
system [9). Even though the data are stored spatially in
the quadtree. if part of a quad is being displaved. many
features and portions of features must be chippad by the
drawing software. For example, with the Symbolics
drawing routines, when the data are clipped before
calling the drawing routine, using this efficient clipping
algorithm, drawing is improved by up 10 a factor of 10,
especially at lower map scales. This clipping algorithm
is also used during some temrain reasoning Op2ratiens i
limit the number of objects searched. For example. th2
bounding rectangle of a water segment is used as a
preliminary test to see if a route passes through that
water segment,

The quadtree structure provides other advantages fer
faster drawing. Some features are stored with differeni
representauons ai different leveis of the quadires. For
example, individual trees and treelines are stored at the
bottom of the wree, but are aggregaied 1nto forest are
objects at higher levels of the tree. At higher map scales
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these forest objects are drawn, and at lower scales the
trees and treehipes are drawn., The area feature
representation also contains a list of pre-computed
irizngles generated from the boundary polygen

Rourines that draw polygons with arbitrary numbers of
s1dzs first brzak up the polygons into triangles. and ther.
draw these triangles. By pre-computing the triangies,
. Symbchos drawing rouunes are 2 to 4 times fasier,
depending on the complexity of the polygon. Network
segments and linear objects are drawn as single pixel
width lines at higher map scales, but with their true
widths at lower scales. Some linear features. like
treelines, are drawn as a straight line connecting the two
endpoints at higher map scales, but as a line connecting
all the points at lower scales Other linear features, such
as coniowr lines, are simply not drawn at the higher map
scales. For instance, the contour line interval ranges
from 40 meters at the h:ghest scale (1:200 000) 105 or

o~

Vomonrs Lot lower scaics \l 5,-.—\, and \)le'\}

Contour lines are also broken up at quad boundaries 0
limit the amount of clipping that needs to be done at
lower scale:

The map is dispiayed on an 8 bits per pixel Symbolics
color screen The color map space is divided into 3
planes to limit the amount of redrawing that has to be
done. The terrain plane, which is 3 bits deep, is used to
display most of the terrain features. The commander can
select which features to display at any time. so this
plane is redrawn only when one or more features are
adds? or deleted from the display, The vehicle plane.
which is 4 bits deep, is used 1o display the locations of
vehicles on the battlefield This plane also contains the
legend. so that it can be displaved or removed quickly
without redrawing the terrain features. Similarly, a one
bit overlay plane is used to display the battlefield
conuol objects. grid lines, and contour lines, so that

ese can also be displayed or removed from the screen
quickly.

5. Terrain Reasoning

A terrain reasoning system for military mission
planning should have the following characteristics:

+ Support mission planning and execution based on
user-suppired criteria, such as maximize cover or
lime.

+ Built in such a way as to generate mobility
corridors for large units as well as specific routes
for individual vehicles.

+ Look at terrain features such as elevation, slopes,
soil types, trees, and penetration points, and have
the ability for collateral and intelligence data 10 be
incorporated inie the planning process. such as
-veather, situation and contact repor:s.

BBN Ssysiems and Technologies Corporation

» Address the area of obstacle avoidance. Most
" previous systems have looked at areas of
trafficability, but not specific points within these
arras. An obs:acle avoidance component is
necessary in the planng system, such that obstacle
crussing and penezanon puint should be ideaudied
and routes adjusted automatically to use them. For
example, if two areas of mgh wafficability are
separated by a river, the system should not dtscount
their -connectivity. Instead, it should lock for
crossing points over that niver, exther with bndges
or fording points.

» Take into account military doctrine. For example,
Jor a river crossing, whether a singie bndge can be
used or, if available in an area, muluple bndges
should be used. Also, it should determine the
tactics that shou!d be used for that nver crossing,

e
based Oh cOLeidNe hionmation.

The terrain reasoning system cuwrrently in the SAF
svsiem supponis muli-level reasoning. At the vehicle
level, local area reasoning is being performed, using
terrain objects in the diversified quadtree and runume
terrain polvgons. The vehicles perform obstacle
avoidance on each other and objects on the terrain. such
as buildings. Vehicles look ahead to their next route
waypoint and when a possible collision 1s detecizd, the
bounding volume of the obstacle 15 used 1o alter the
route of that vehicle, as shown in Figure 13. The new
route is then checked for other obstacles. which. if
present, are avoided similarly, The terrain immediately
surrounding the vehicles 1s examined before obstacle
avoidance is performed. For example, if the obsiacle
occurs on a bridge. such as a damaged vehicle blocking
the bridge, the moving vehicle will try to go around the
damaged or.e, as long as the new route does not go off
the bridge into the water. If this is not possible, the
moving vehicle will look for an alternate route over the
waier. This 15 done by searching for other bridges or
fording points within-the local area and generaung new
routes to-the other side of the original bridge, If an
alternate-route, which does not go through water. can
not be generated, the umit commander 1s prompied for a
new route,

Vehicle level reasoning also takes place when vehicies
are attacking and defending. Intervisibility calculations
are performed which take into account the terrain
elevation and terramn objects. An attacking vehicle can
only target enemy vehicles that he can see. Defending
vehicle can use the terrain 10 conceal themselves., by
either hiding behind hills, treelines, or buildings. The
intervisibility routines are probabihistic, so objects hke
treelines do not completely conceal a vehicie. but
severely reduce the probability of detecuon. The unn
commander can posiuon the vehicles in his umit 10 be
just out of detection range from a specific point on the
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terrain He first commands these vehile 10 move close
to these con.caled posiuons and selects the point 0 be
concealed from. The antervisibihity routines then
determine the exact locauons for all of the vehicles and
they move 1 then.

At higher echelon lesvels, the terrain reasoning system
assists the unit commanders with route generation
during mission planning, using the terrain data within
the diversified quadirec. Atall levels, mission routes are
generated based, to a large extent, on the terrain. The
unit commanders select the area within which the routes
are to be generated by creaung unit boundanes on the
terrain. Routes for all vehicles and subordinate units
within that unit are then generated withir those unit
boundanes, such that untrafficable terraun 1s avoided
and water 1s crossed at bridges or fording pounts. The
generated routes are presented to the urut commander so
that he may modify them to be better suited for the

~ o x  py - e Aar nearw g o
Thadoaes. s da \\‘.“} L S I L R &-to-ndu.u i

commander 1s presented with a parual route, which he
can then mod.{y to completon. Whenever the uni
commander 1s entenng routes manuzll or modifving 2
route, the terrain reasoning system checks <0 see if that
route, or any subordinate routes that wiu be generated
from that route. cross water without the aid of a bndge
or fording pomnt. If any route does, the commander is
notified so that he can modify that route o avoud the
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One of the mod:ficauons the unit commander can mahe
1s to specify all or part of a route to be a road march.
The commander selects a point for hus vehicles to geton
a road by choosing a road segment from the map. He

1en selects either an intermediate read pointora poi
for his vehicles to get off the road by choosing another
road segment. The terrain reasomng s)siem then
determuies the best road route between the two road
points, as demonstrated 1n Figure 14, This route 1s
usually the shortest distance road route between the ta 2
pounts, but depends on the type of mission it 1s (o be
used for. If the objective of the mission 15 maximum
speed. such as an attack mission, the road segment types
are weighted so that paved roads have an advantaze
over dirt roads. If the mission objective 1s stealth. such
as a scout mission, durt roads are weighed to be more
adsvantageous. Bridges also are weighted so that routes
that do not have to cross them take precedence. An;
number of consecutive road points can be entered 1o
fine wing the.road rouis. Any number o7 roal roui2s il
be incorporated into a mission route. The road route
finder returns a hst of road segments 1n the correct oréar
that connect the e road poins, If the punis de nct
connect or if the number of alternauve paths gets veny
large, the road finder connecls the twO POINiS Wit a
cross country route and wams the commander the'
suntable road route could not be found. The commander
can either accept that route segment or undo that paiat
and pu! in intermediaie poinis to generaie a suitzbie
road rouie.

= Cng:n¢” Route

- - - - Bounding Volume

Crigins: Weypo:nis

New wayno'nt

-~ = New Foule

@ Multiple Chsiacles

Figure 13

The bounding volumes of obstacles are used 10 generate
rouies around them,
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Ac part of the route planning process, the commander
an explicitly speaifs a bridge to cross along a rouic.
The-system determines the direction to cross the bridge
bused on the previous points in the route, The tacuca
snuation and collateral information are used to
determine how that bridge is crossed. For example, if a
company is to cross a bridge and they are on a road
~arch and there are no reperts of enemy vehicles in the
arez, the company crossing the bridge will stay in
column formation as they cross it. If, on the other hand.
they were not on a road march, can sce enemy vehicles,
or have reports of enemy vehizles in the are.. they will
deploy into a defensive posture before crossing the
bridge and cross it one platoon at a time. When all of
the platoons ard company command vehicles have

BBN Systems and Technologies Corporation

crossed the bridge. they get back into formation and
continue the mission.

An A* search algonthm (13} 1s used with the road
intersection and road segment arrays to find the road
routes. This algonthm uses the straight line disiance
between intermediate points on the route and the
destination pownt as an esumate of the remaining route
distance 10 the destination. This esumate 1s always an
underestimate of the remaining distance, so that this
procedure will-always produce opumal routes. Because
the estimate is-an underesumate, however, more roules
have to be searched to find the opumal route than if the
estimate was closer 1o the true distance between the
points. This requires longer ume to find the optmal

Intermediate Point

commwen  Direct Route

e RCUle with Intermediate Point

Figure 14

An A* algorithm is used along with the road
network to find road routes between points.
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roate, but o ihese databases most of the road segments
are fairly swraight between the intersections, so that the
¢sumates are close 10 the actual distances. The umes
required for these searches are quite small. so that. for
CA&mple, « road route on the order of 50 kalometers can
be general»d 1n less than one minute, The A* algorithm
15 also nun-opportunistie, such that if the situation
changes d.nng the generauon of a route, this algonthm
can noL us: those changes for thai route. In the current
system, however, most route generation takes place at
mi5510n p.anning ume. If the situation changes dunng
mission execuuon, the A* algorithm can be rerun to
yenerate now Jocal routes tor those sub-units affected by
the change in sitcation. This is dlustrated i Figure 15.
Dunng the execuuon of the mussion, one of the bridges
aiong Company A's route 15 desroyed, so the A*
elzonmthm us rerun for Company A (0 generate a new

route across the river. The network representation
wothin S2F - rne et Hoqp tks A -ﬂ-w\ sk, g ke

Su e

other sear.l, awgoni.ims can be tested in this system.

" > ———

~— Ornginal Route
=~ ~ New Rouie

Figure 15
When 2 bndge 18 destroyed duning mission
execuuon, a new partial route is generated for
Company A,

Report No. 7140

6. Extensions

There are a number of extensions planned for the SAF
terrain reasoning svstem, One area of research is to
expand the realume capabiliues of the system, in orda:
10 obtain more realistic vehicle behavior, especiali,
duning combal, For example, moving vehicles wil!
make better usc of terrain for cover and concealmer.
dunng combat. Another area of research 15 10 incraaa.
the mission planning capabilities. As more collateral
informauon 1s added 1o SIVINET, it will be added w0 the
SAF mission planning process. ECM models. such as
radar and commurncations jamming. are currenty unac”
development for inclusion mto SIMNET. These efiect”
will have to be taken into account for SAF missions. &<
that vehicles avoid areas of intensive Jammmf: for
example. Weather effects will also have to be taker ine
account. Finally, the automation of all of the Prram

amem = — AN -m v
[E230n, =0 QRassar e -. s pord u" heope s \_____

:-.-—--... -

rso..nﬂl such as avenue of approach generation, is
planned for the SAF system. This wili remove more of
the mission planaing burden from the unit commanders,
allowing them to concentrate on the tactical aspects of
the missions.

7. Conclusion .

The current SAF system contains a powerful teral
representation that provides the terramn reasoning
system rapid access to the terramn feawres in a rezlums.
large scale. hierarchical. high resolution comba:
simulauon. The terrain reasoning system provides-man
in the loop route planning functionality and in futur2
systems will provide more intelligent mission planning
and execuuon capabilities. SIMNET provides an ideal
testbed for terrain reasoning research. The state of the
terrain can be modeled at many levels of fidelity, and
the vehicles can be previded with various leveis of
autonomous behavior, Terrain reasoning sysiems
developed in this simulated batdefizld environment can
be easiiy extended imto the real world combat
environment, since SIMNET simulates such a large
porion of the batdefieid systems and models and inis
terrain reasoning system utilizes most of them,
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The SIMNET Tutorial




Tutorial on the SIMNET Network and Protocols

Presented January 15, 1990

Art Pope
BBN Systems and Technologies Corp.
10 Moulton St.
Cambridge, Mass. 02138
617-873-2931
Internet: apope@bbn.com
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Protocol Tutorial

Protocol Tutorial

« Overview

« Everything the simulated worid includes
« Goals of the SIMNET protocols

« Architecture of the distributed simulation
» Protocols

« Layering of protocols

« Distributed simulation concepts

« Communicating vehicie appearance

- Effect of dead reckoning on network traffic
« Data communication requirements

+ Network performance

« Association protocol

« Simulation protocol

- Data collection protocol

« Data representation

+ Object type numbering scheme

» Elements of communication compatibility
« Future work

ARP - BBN STC - 1/14/90 - 1
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Overview

Protocol Tutorlal

1989

» “The SIMNET Network and Protocols™, dated 31 Jily

“Summary of SIMNET Protocol Changes, August 1989 -

January 1990”

requirements: the simulated world
architecture: networks, layered protocois -
communicating vehicle appearance information

supporting networks

survey of protocol interactions
representation of information
communicaton compatibility

future work

ARP - BBN STC - 1/14/30 - 2

W




Ev 1g the simulated world includes

.
)]

g of terrain
y tens or hundreds of kilometers on a side

+ populated with features: hills, rivers, roads, trees,
buildings...

» static — not changing in the course of a simulation
a particular date and time )
vehicles that move dynamically and engage in combat
* supplies of munitions, such as fuel and ammunition
the transfer of munitions from one vehicle to another
« weapons fire and its effects upon vehicles
damage to vehicles and vehicle breakdowns
repairs performed by one vehicle on another
* radar emissions and detecticn by radar

o

Protocol Tutorlal ARP - BBN STC - 1/14/50 - 3
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Goals of the SIMNET prot )»'s

L)

a real-time network of hundreds of simui

ensure a consistent view of the simulatec d

be parsimonious and efficient

allow efficient distribution of computation tasks

* be robust (not error-sensitive; self-correcting, if possible)

- easily accommodate new kinds of vehicles, weapons,
phenomena...

+ make available information useful for analysis

Protocol Tutorlal ARP - BBN STC - 1/14/90 - 4
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Protocoi Tutorlal

Arc ;ure of the distributed simulation

Simutator

Long Haul Network

a simulator might:

« simulate a single vehicle (e.g., a flight simulator)

« simulate a group of vehicles (e.g., Semi~Automated
Forces)

+ play a role in initializing other simulators (e.g., MCC
system)

« give a window into the simulated world (e.g., Plan-View
Display)

» make an historical record (e.g., Data Logger)

ARP - BBN STC - 1/14/90 - 5
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Protocols

Protoco| Tutorial

- three simulator—to—~simulator protocols .are definea:

« a simulation protocol for representing the simulated
world

« a data collection protocol, to support analysis
« an association protocol, to convey the other two

ARP - BBN STC - 1/14/90 - 6
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Layering of protocols

. s are defined within the framework of the OSI
2 model
- Simulation Sublayer
Application Layer ) -
. T~ - Association Sublayer
Presentation Layer S~ -
Session Layer
Transport Layer
Network Layer
Data Link Layer
Physical Layer
» the association protocol provides common services
Simulaton Data Collection
Protocol Protocol
Association Protocol
Communication Service

Protocol Tutorial ARP - BBN STC - 1/14/90 - 7
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Distributed simulation con

Protocol Tutorial

an exercise is a joint activity of simulators

it has a simulated world, some participating = .lators,
and an exercise identifier

there can be many concurrent but independent exercises
a simulated world is populated by vehicles
each vehicle has these static attributes:
- which side it is fighting on
» what organizational unit it is allocated to
» what type of vehicle itis
* a unique vehicle identifier
each vehicle has a dynamic appearance described by:
» where it is, and how it is oriented
« a marking or label (e.g., "Titanic” or "PltLdr/3/C")

» variations on its basic.appearance: flames, smoke,
dust cloud...

each vehicle has internal state represented by:
« operational status of various subsystems
 quantities of various munitions on board

each vehicle's appearance is periodically reported with a
state update message

ARP - BBN STC - 1/14/90 - 8
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C - wunicating vehicle appearance

* de oning reduces the need for communication
be
7 .d reckoning approaches are possible:

* no use of dead reckoning

« location updated using velocity

« velocity updated using linear accelerztion
« rotation updated using rate of rotation

« velocity updated using rotation

« vehicles are classified, partially according to dead
reckoning method

» static class — those that remain stationary
« simple class — location updated using velocity
s tank ¢lass — like simple, but has a turret

- discrepancy thresholds determine when state updates
are issued

+ any discrete change in appearance (e.g., catching fire)
» transiation by 10% of vehicle’s dimension

« rotation abaut any axis by 3 degrees

» movement of turret or gun barrel by 3 degrees

Protocol Tutorlal ARP - BBN STC - 1/14/60 - 9
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Effect. of dead reckoning on netwe  iaffic

-

* dead-reckoning a tank using velocity on..
5 -

o |

Rotaton Threshold =

Network Traffic (Updates/Seccnd)

4} F————r—rrrrry T ——r—r—r-TT
1% 10% 100%
Locaiion Threshold (Fraction of Vehicle-Dimension)

* dead—eckoning an aircraft using velocity, linear
acceleration, and rate of rotation:

S

T Rotation Thresheld <& 2.5° ;

8 4 ~ 5 |

@ - 20° i
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2
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B 27
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0 ———rrrTTTY Ty i
1% 10% 100% i

Location Threshold (Fraction of Vehicle Dimension)

Protocol Tutcrial ARP - BBN STC - 1/14/90 - 10




Protocol Tutorial

I - sommunication requirements

S atocols are application layer prctocols
Siv ~tocols are supported by network layer service

netwc ~ must support broadcasting or multicasting of
datagrams

datagrams range up to 256 bytes; most are 128 bytes

gueranteed delivery not required; occasionai.failures
tolerated

a level of performance determined by the "size” of the
simulation

various network technologies may be used

network may be a combination of local-area and -
long~haul networks

Ethernet has been used successfully as a LAN

ARP - BBN STC - 1/14/90 - 11
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Network performance

» most network traffic is due to vehicle state . .at=3
* network traffic depends on:

« number of vehicles participating

« types of vehicles (ground vs. air vehicles)

» how vehicles are behaving (stationary. cruising,
jinking...) ’

» ground vehicles (tanks) produce an average of one
update per second

« close—support air vehicles produce an average of six per
second

« each update is communicated as a 128-byte datagram

* each update must be communicated to all simulators in
"real time"

+ network delay, and delay variance, can be detrimental
« how much delay is acceptable depends on application:

» relatively slow—moving ground vehicles can tolerate
300 ms

« high—speed aircraft flying in formation cannot

Protocol Tutorlal ARP - BBN STC - 1/14/90 - 12
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Association protocol

. st *d composite of certain transport, session, and
ar. layer services

» eliminates need for separate transport and session layer
protocols

» supports two modes of communication:
« datagram service provides best-effort delivery

- transaction service pairs request and response,
provides retransmission

» clients are addressed by site number, simulation number
« clients belong to multicast groups

Protocol Tutorial . ARP - BBN STC - 1/14/90 - 13
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Simulation protocol

Protocol Tutorlal

.

activation of vehicles
deactivation of vehicles

vehicle state update

weapons fire

collision between vehicles

transfer of munitions between vehicles
repairs by one vehicle to another

ARP - BBN STC - 1/14/90 - 14
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Protocol Tutorial

"Data collection protocol

- —

» status reporting
+ event reporting

ARP - BBN STC - 17114/50 - 15
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Data representation

+ formal notation: data representation notation

+ provides a concise, unambiguous descript'.n of data
element encoding

L] e_g.,
type ObjectType UnsignedInteger (32)

type MunitionQuantity sequence {
munition ObjectType,
quantity Float (32)

- aim is to minimize protocol’s dependence on machine
architecture and language

+ restrictions on data element alignment and size are
enforced

* e.g., a floating pnint number cccupies 32 or 64 bits
* e.g., a 32-bit quantity is aligned on a multiple of 32-bits

Protocol Tutoriai ARP - BBN STC - 1/14/90 - 16




Jbject type numbering scheme

. s include vahicles, ammunition, quantities of fuel,
oarts...

» & Joject’s type must be represented for communication
(e.g., M1A1 tank, 155 mm HE shell)

« object type codes are arranged in a hierarchy

/ <
/Vehic!e\ Munition Structure
Air Ground Water Detonator  Projectle

Vehicle Vehicle Vehicle

. Fixed-Wing Rotary-Wing

» this scheme, once defined; remains valid as new objects
types are added

» software can understand something about an object
based on where its type code places it in the hierarchy

« this allows new types of objects to be introduced without
disrupting existing software

Protocol Tutorial ARP - BBN STC - 1/14/90 -

E-21
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Elements of communication compatibility

scope of simulation
+ what phenomena are part of the simulated world
architecture
« what things are computed where
» the use of dead reckoning
messages and their contents
+ what PDUs are used
« what information each PDU contains
» message encoding
« how information is represented as bits

* e.g., the use of ANSV/IEEE standard floating point
format

underlying network services
» choice of networks for various parts of the internet
* e.g., use of Ethernet-or FDDI
ongoing internet administration
« the assignment of site and simulator addresses
« coordination of exercise identifiers
« registration of simulator type codes
» extensions — e.g., to object type numbering scheme

Protocol Tutorlal . ARP - BBN STC - 1/14/90 - 18
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Future work

- 'sions for additional types of vehicles and simulators
. reckoning algorithms
« using higher—order derivatives of location and rotation
« blending in new appearance information
missiles

« transfer of missile simulation from fi}ing simulator
« homing on continuously designated targets
dynamically changing terrain
atmospheric effects, such as smoke and clouds

*

Protocol Tutorial ‘ ARP . BBN STC - 1/14/90 - 19
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SIMNET
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* *
Local Area Networks New Generation

(on site} Compa: Simuiators

SIMNET OVERVIEW

SIMulator NETwork (SIMNET) is a U.S. Army/Defense Advanced Research Pro-
Jjects Agency (DARPA) - sponsored program that provides realistic combined
arms battlefield training for combar vehicle crews. SIMNET is a significant new
approach to-training both large and-small combat units. Hundreds of low—cost,
full-crew ground vehicle and aircraft simulators at widely dispersed sites are
linked by a common real-time data communications network. Crews of these
simulators-can see and interact with each other against accuratély scaled oppo-
nents.on the same realistic bartlefield.

19/90 . BBN Sysiems & Technologies Corp.
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SIMXET Benefits

SIMNET allows fully—-manned platoon-—,
company-, and baralion-size units to
conduct force—on~force engagements
against opposing units of similar compo-
sition without incurring the costs of trans-
porting large numbers of personnel and
equipment. These engagements include
the complete range of command and con-
trol and combat scrvice support elements
essential to actual military operations.

SIMNET is a test bed for future full com-
bined arms jeint tactical training projects
such as the U.S. Army’s proposed Close
Combat Tactcal Trainer (CCTT).
SIMNET is expandable, and greater num-
bers of simulators can share the network
to increase the scope of the exercise.

SIMNET is-a "simulate-before you build”
development model for new weapons sys-
tems and combat tacdcs. New ideas can
be tested and evaluated in the SIMNET
world safer and at less cost than. in the
field.

What is SIMNET?

Manned simulators representing the main
current combat vehicles:

Q M1 Abrams main battle tank

Q M2/M3 Bradley infantry fighting
vehicle

Q  Generic attack helicopters

Q  Generic fixed- wing close air support
aircraft

Q  Generic air defense armillery

Automated combat support and combat
service support vehicles:

Q  Arillery (self~propelled howitzers
and mortars)

Q Fuel and ammunition resupply vehi-
cles

Q Maintenance/repair vehicles

Combaz unit personnel control these ve-
liicles from the consoles of the SIMNET
Management, Command, and Control
MCC) system. There are also consolss
for exercise s:art-up and close air support
missions.

Semi~Autom...cd Forces (armor, mecha-
nized infantry, air dieferise vehicles, heli-
copters, fixed-wing aircraft) controllcd
by a human cozmmander. These forces
provide an opponent as realistic as the
manned simulators. The computer proc-
esses detailed simulations for.each vehi-
cle, providing route—following, obstacle
avoidance, formazion—keeping, target ac-
quisidor, etc. The cocmmander monitors
the force’s behavior on a Plan View Dis-
play, and can intervene at any time to
redirect the activities of a company, pla-
toon, or.even a single vehicle.

Data collection and analysis systems
which store the state update messages
broadcast from all vehicles during the ex-
ercise. As soon as the exercise is com-
pleted, these messages can be replayed
onto the network and the entire 2xercise
can be repeated and observed from above
(on a Plan View Display) or from the par-
ticipant’s level (from the vantage of a
'Stealth’ vehicle which can assume the
role of any other combat vehicle). In ad-
didon, a powerful set of data extracton
and statistical analysis and plotting tools
can measure and report on iudividual ve-
hicle or combat unit performance within
minutes.

How Does SIMNET Work?

SIMNET is a Distributed- Simuladon. No
central computer-directs the activities-of
the various simulation elements. Instead,
each simulator has its-own microcoms»
puter(s) which talks to each:of the other
simulation elemerts. As the network ex-
pands, each new simulator brings with it
the computer resources necessary to sup-

pont its computational requirements.

Adding new simulators does not require
that the existing ones be modified.

1/9/90 \ )

BBN Systems & Technologies Corp.
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Each manned simulator typically consists
of a host computer, a computer image
generatdon (CIC) color visual system, and
user interface controls. The simulators at
a given site are conr " '2d by an Ether-

net™ local area net~  (1LLAN) and com-
municate via the SI T Protocol.

Each simulator tranc specially for-
matted information 1 called Proto-
col Data Units (PD. - that vehi-
cle’s location, move d appearance
in relation to odher sic. vehicles,

and receives simnilar data rom them.

Sites are connected to each other by long
haul network (LHN) links over land lines
or by satellite. Each LAN has a small
gateway computer which efficiently inter-
faces with the LHN.

Ethernet interfaces are inexpensive, avail-
able from muitple vendors for practically
all computer makes, and they support
multicasdng (the simultaneous broadcas:
of data to muldple simulators on the net-

work) with automatic error detectdon.
Ethernet can efficiendy handle the simu-
laten waffic of up to 1000 vehicles on a
single network. Furthermore, LHN links
are easily installed.

Conclusion

SIMNET is currently operational at train-
ing sites in the United States ané Europe.
Simulators can now be linked on a world-
wide network to support large—scale train-
ing exercises and the development of new
doctrine, tactcs, and weapons Systems.
Pre~combat simulation training means a
higher probability of success in actual
bartle. The variability of the SIMNET
battlefield means that victory goes to the
side that is able to plan and execute its
combined arms operations better than its
opponent. SIMNET meets the combined
arms training objecdves realisdcally and
cost—effectivizly.

Ethernet is a traslemark of the Xerox Corporation.

avepey

© 1989 BBN Systems & Technologies Corp.. All rights reserved.
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SECOND WORKSHOP ON STANDARDS FOR THE
INTEROPERABILITY OF DEFENSE SIMULATIONS

TERRATN DATABASE WORKING GkOUP

These notes auarent the summary briefing charts prese:ied in the
‘inal session - ~he Workshop ovn 17 January 1990 and address the
specific issue 2ntified in the opening session.

1. COORDINATION WITH DMA

Continuing ~cordinatcion witi: the Defense Mapping Age‘cy (DHA) on
specific product requirements is being handled by DC~ Service
Labs/Staff and/or J01nt ‘Offices. Area coverage requirements will
be handled primarily through Unified and Specified (L&S)
Commands. Terrain database issues in simulation netwocrking
require continuing coordination between P2851, PM-TRADE, ETL,
TRADOC TSM and DARPA.

2. INTERIM TERRAIN DATA ASSESSMENT/ITD
ETL is working with PM-TRADE to investigate ITD related issues in
conjunction with P2851 and SIMNET. Coordination among PM-TRADE,

ETL, DARPA, P2851 will be necessary for ITD assessment, with
additional support from BBN, IST, and PRC.

3. PROJECT 2851 ECP ASSESSMEMN1/ITD

See ITD assessment/ITD (Item #2 above).

4. GEODETIC FRAME OF REFERENCE

The Working Group recommended adoption of the DMA World Geodetic
System (WGS 24).

5. DEVELOLYENT OF CORREIATION PARAMETERS AND METIRICS
See Subgroup Chairman Duncan Miller's viewgraphs.

6. DYNAMIC TERRAIN FEASIBILITY/METHODOLOGY

See Sukgroup Chairman Richard Moon's viewgraphs.

7. INCREASE SIZE OF GAME BOARD

The Worklng Group recommended use geocentric Cartesian
cocrdinates in network protocol to support potentially global
“ganlnq boards'. Standard conversion routines for
soldier-machine interfaces to-and-from geographic coordinates and
MGRS are needed with test data sets for validation testing.




8. SPHERICAL EARTH MODEL (Lat/Long)

The Working Group recommended adoption of geographic coordinates
(latitude/longitude/altitude) for standard Navy and Air Force
soldier~machine interfaces and MGRS (UTM and UPS) for standard
Army soldier-machine interfaces. Coordinate systems
transformation need to preserve relevant tactical effects of
curved earth (finite distance to horizon) in computer image
generation.

9. DEFINITION OF SOLID MCDELING TECHNIQUE

Working Group anticipates use of Project 2851 (P2851) solid
modeling techniques and libraries. P2851 has adopted a
constructive solid geometry (CSG) approach to build Standard
Simulator Data Base (SSDB) models. SSD3 CSG models are
transformed into polygonal models based upon target IG's
parformance capabilities and distributed in GTDB format.of this
software is on-going; anticipate completion in early February
1990. A limited number of treansforrmad models will be included
within GTDB data sets to be distrihwmted beginning in April 1990.

10. DEFINITION OF TEXTURE REPRESENTATION

Project 2851 presently does not include a representation of
texture maps. Proposed engineering change (ECP) currently in
evaluation would add geospecific (photo) and azneric texture map
representations. Proposed capabilities are to be fully
integrated within the Project 2851 system in mid-1992.
Distribution of sample GTDB's with texture maps would be
scheduled for early 1992.

11. DISTRIBUTION FORMAT

Working Group recommended adoption of the Project 2851 GTDB as
the future distribution format. Specification is available now.
Two types of GTDB are supported: (1) gridded-terrain/vector
culture; and (2) polygonal-terrain/vector or polygon culture.
Gridded GTDB's are critical to support many existing CIG
architectures as well as semi-automated forces (SAF) and
hard-ccpy/soft~copy cartographic displays. Polygonal GTDB's are
designed to maximize correlation between a family of existing and
anticipated heterogeneous CIG architectures. Sample GTDBs to be
produced beginning in April and distributed to ISWG.

12. DATABASE REPOSITORY ORGANIZATION

The Working Group recommended adoption of the proposed Project
285, repository at DMA Aerospace Center, St. Louis, MO. Initial
operational capability (IOC) is scheduled for May 1991. The
proposed P2851 facility is to be administered by DMA, managed by
a tri-service liaison hoard, and contractor-operated.
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13. SEMI-AUTOMATED FORCES (Unmanned Vehicles)

See Sub-Group Chairman Dexter Flecher's viewgraphs.

23 January 1990
George E. Lukes, Chairman
Terrain Database Working Group




